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Introduction and Background 
The I l l inois Mine Su bsidence Research Program ( I M S R P) compi led th is b ib l iography to a id mine 
subsidence researchers, m in ing  company tech n ica l  person nel ,  and persons involved with agricu ltu re 
in coal-resource areas in I l l i no is .  Entries were col lected from journa ls ,  proceed ings,  b ib l iograph ies, 
and l ibrary cata logs . The references were compi led us ing  a computer database management system 
at the I l l ino is State Geological Su rvey ( ISGS ) .  The b ib l iography was pr inted in 1 98 8  as I MSRP Tech­
n ica l Series Volume V; it conta ined about 2 ,200 references . For the present publ ication,  the orig ina l  
set  of  references was u pdated ,  corrected,  and  expan ded;  a lmost 1 ,000 n ew references were added . 
Th is b ibl iography emphasizes m ine  su bsidence . References on other types of su bsidence are 
inc luded, however, such as that caused by groundwater withd rawa l .  I n  genera l ,  the fol lowing broad 
topics are covered : general information ,  background,  and synthesis; regu lations and law; monitoring  
and instrumentation;  case studies; model i ng  and prediction ; structu ra l damage; backfi l l i ng  and other 
su bsidence control measu res; mitigation of both land and structu res; and active and abandoned 
mines .  The references cover worldwide problems; however, the greatest n umber concern the United 
States, the Un ited Kingdom, Austra l ia ,  Europe, South Africa , and I nd i a .  For the Un ited States, many 
of the references are tagged by state and,  if related to coal m ine  su bsidence, they may be noted as 
specific to the Appa lachian Coal Region , the I l l i no is Coa l Basin , or  the Rocky Mou nta in  Coal Region . 
The references are l i sted a lphabetica l ly by first a uthor and  year of pub l ication . S hort 
abstracts or descriptions of the works are i ncluded with many of the entries . Key subjects and loca­
tions are inc luded for most entries . The database was orig ina l ly des igned for computer access us ing 
a combination of  more than one keyword . During  an on- l ine search , a second,  th i rd ,  or fou rth key­
word cou ld be entered to better fit the researcher ' s  i nterest . Wh i le we recogn ize  the l im itat ions of a 
printed bib l iography compared with on- l ine search ing ,  we pr inted the bib l iography as a reference l ist. 
Publ ication dates of the references run th rough  the fi rst h a lf of 1 993 . If  the reference is 
from a conference, symposium,  or workshop,  its date of publ ication is  the same as the year of the 
conference un less otherwise stated . The ava i lab i l ity of subsidence information varies . The best 
sources of subsidence-related references are u n ivers ity and  col lege l ibraries, especia l ly those with 
strong  min ing ,  geology, or engineering  departments . Some references may be fou n d  at federal and 
state agencies, such as the  U .S .  Bureau of  M ines or  state geological  su rveys . Many reports on 
federa l ly sponsored research contracts are avai lable th rough  the Nat ional  Tech n ical I nformation 
Service ( NTIS ) . 
Abbreviations 
Fol lowing is a l ist of abbreviations used in th is b ib l iography:  
A IHS Association I nternationa le  d ' Hydrologie Scientifique 
AI M E  American I nstitute of M in ing ,  Meta l l u rg ica l  a n d  Petroleum Eng ineers 
ASCE American Society of Civ i l  Eng ineers 
B Bu l leti n 
DOE Department of Energy 
EPA Environ mental Protection Agency 
IAHS I nternationa l  Association of Hydrolog ica l  Sciences 
IC  I nformation Circu lar  
ISGS I l l inois State Geological  S u rvey 
NCB Nationa l  Coal Board 
NTIS Nationa l  Tech n ica l  I nformation Service 
OFR  Open fi le report 
OSM Office of  Su rface M in ing  
R I  Report of  I nvestigations 
S MCRA Surface Min ing  Control and Reclamation Act of 1 977 
SME Society for M in ing ,  Meta l l u rgy, and  Exploration 
U N ESCO Un ited Nations Educationa l ,  Sc ientific, and C u ltura l  Organ ization 
US BM Un ited States Bureau of M ines 
USGS Un ited States Geolog ical Su rvey 
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Abel ,  J .  F . ,  D .  W .  Gentry .  A Longwal l  Subsidence 
Prediction Model . American Society of Civi l  
Engineers Nationa l  Spring  and Conti nu i ng  Education 
Convention,  Pittsburgh ,  PA, Apr i l  24-28,  1 978 ,  
sess ion 7 1 ,  ASCE preprint 3293,  p .  5 6-76 .  
Th is paper presents a prel im inary subsidence 
prediction model . Data were obta ined from an 
instrumentation program implemented at the York 
Canyon Mine, near  Raton ,  New Mexico . 
Keyword (s) : vertical d isplacement, prediction ,  
longwal l ,  model ing 
Location (s) : Rocky Mou nta in  Coal Region , New 
Mexico, Un ited States 
Abel ,  J .  F . ,  F. T. Lee .  Lithologic Controls On  
Subsidence . Society of  M in i ng  Eng ineers of  A I M E  
Fal l  Meeting,  M inneapol is ,  M N ,  October 22-24, 
1 980, S M E-AI M E  Preprint  80-3 1 4, 1 6  p .  
Keyword (s) :  geolog ic features 
Location (s) :  Un ited States 
Abel , J .  F ., F. T. Lee . S u bsidence Potentia l  in S ha le  
and Crysta l l ine Rocks . U . S .  Geological  S u rvey O F R  
80- 1 072,  May, 1 980, 9 9  p .  
Th is report presents a statistical summary of 
worldwide su bsidence experience in sha le and 
crysta l l ine rocks . I t  inc ludes an expanded bib l iogra­
phy of the most s ign ificant references on m in ing­
induced su bsidence in  these rocks . No measu re­
ments have been reported in the l iterature of sub­
sidence in "massive" sha le and crysta l l i ne  rocks 
(potential host rocks for radioactive-waste 
repositories ) .  Pred ictions of the subsidence 
response of massive rock made on the basis of 
information ga ined from less un iform rocks will be 
subject to un known but possibly large  error .  
Keyword (s) :  l i terature search , geologic featu res, 
backfi l l i ng ,  prediction 
Location (s) :  Un ited States 
Abel, J .  F. Surface Subsidence Mon itoring  
G u ide l ines . U .S .  Geological Survey contract 
1 4-08-000 1 - 1 8822,  Colorado School of M ines,  
June  30,  1 982 ,  1 1  p .  (Avai lab le for  consu ltation at 
the Denver USBM Research Center. ) 
The author suggests gu ide l ines for mon itoring  
su bsidence over longwal l  and room-and-p i l lar  retreat 
mines .  I ncluded are deta i l s  on mon ument-layout 
patterns, monu ment construction and insta l lation,  
mon u ment spacing ,  survey tim ing ,  and stra in ­
measurement tech n iques .  A rationale is provided for 
these gu idel ines . This paper shou ld be u sefu l for 
those plann ing  a su bsidence-mon itoring  progra m .  
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Keyword (s) : mon itoring design ,  mon itor ing 
insta l lat ion , mon itorin g  equ ipment, longwal l ,  room­
and-p i l la r, h igh -extraction retreat, horizontal dis­
p lacement, vertical d isplacement, instrumentation 
Location (s) : Un ited States 
Acken he i l ,  A .  C . ,  M .  T. Dougherty . Recent 
Development in  G rout ing for Deep Mines .  American 
Society of Civi l  Eng ineers Annua l  Meeting and 
Nationa l  Meetin g  on Structu ra l Eng ineering ,  Sept . ,  
1 968 ,  preprint 727 . 
Keyword (s) : eng ineering ,  g routing 
Location (s) : Un ited States 
Ackenhe i l ,  A. C . ,  M .  T. Dougherty. Recent 
Developments in  G routing  for Deep Mines .  I N :  
Proceed ings o f  Journa l  of the Soi l  Mecha n ics and 
Foundations Divis ion,  American Society of Civi l  
Eng ineers ,  v. 96, no. SM 1 ,  1 970 .  
Th is paper  describes the  use of  grout columns 
for  support of  sites over abandoned mines; i t  also 
discusses borehole photography.  
Keyword (s) : foundations,  photography, 
abandoned m ines,  g rout ing 
Location (s) : Un ited States 
Adamek, R . ,  J .  Lojas . Eksploatacja lnsta lacj i 
Poksadzkowych G lebockich Kopaln (Operation of 
Hydra u l ic  Stowage I nsta l lations in Deep Mines) . 
Przeglad Gorn iczy, v .  24, no .  6, 1 968,  p .  262-275 . 
Keyword (s) :  hydrau l ic backfi l l i ng  
Adamek, V. ,  P .  W .  Jera n .  Eva luation of  Existin g  
Predictive Methods for M i n e  Su bsidence in t h e  U .S . 
I N :  Proceed ings 1 st An nua l  Conference on Ground 
Contro l  i n  Min ing ,  West Virg in ia  Un iversity, J u ly 
27-29 ,  1 98 1 ,  S . S .  Peng,  ed . ,  Morgantown, WV, p .  
209-2 1 9 . 
Two existing predictive methods were chosen 
for eva l uation : an  inf luence function (Bals Theory) 
and a profi le function (hyperbol ic) . These were 
app l ied to seven f ield-measured subsidence profi les 
in  two major coa l basins in  the Un ited States . The 
effect of homogenous versus non-homogenous 
overburden on su rface su bsidence is demonstrated 
and  the use of Ba ls Theory as a subsiden ce predic­
tive method for both types of overbu rden is exam­
ined . The major factor affecting su bsidence profi le 
characteristics is  the migration of the inflection 
point toward the centerl ine of the longwal l  panel . 
Keyword (s) :  pred iction,  prediction theories, 
inf luence function , profi le function ,  coal m in ing ,  
overburden,  longwal l  
Location (s) : West Virg in i a ,  O h io,  Appalach ian  
Coa l  Reg ion,  I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Adamek, V . ,  P. W. Jeran . Eva luation of Existi ng  
Pred ictive Methods for Mine Subsidence i n  the U . S .  
I N :  Proceedings, Workshop o n  S u rface S u bsidence 
Due to Underground Min ing ,  Morgantown , WV, 
November 30-December 3 ,  1 98 1 , S .S .  Peng  and M .  
Harth i l l ,  eds . ,  Department of M in ing  Eng ineeri ng ,  
West Virg in ia  Un ivers ity, 1 982 ,  p .  8 8-89 .  
Two existing  prediction methods are evaluated 
for use over Un ited States coa l mines :  an  inf luence 
function and a profi le fu nction . These methods 
were appl ied to several f ield-measured su bsidence 
profi les.  
Keyword (s) :  vertical d isp lacement, prediction ,  
prediction theories, empir ical model,  profile 
fu nction , influence function,  coa l m in ing  
Location (s) : West Virg i n ia ,  Appa lach ian Coal 
Reg ion,  Oh io, I l l i nois, I l l i nois Coal Bas in , Un ited 
States 
Adamek, V . ,  P. W. Jeran . Eva luation of S u rface 
Deformation Characteristics Over Longwal l  Panels 
in the Northern Appalach ian Coalfiel d .  I N :  State-of­
the-Art of Ground Control in Longwal l  M in ing  and 
Min ing  Subsidence, S M E-AI ME ,  Y .P .  Chugh  and M .  
Karmis, eds . ,  Sept . ,  1 982 ,  p .  1 83- 1 97 .  
This paper deta i ls the characteristics of su rface 
deformations, inc lud ing subsidence, inc l ination , 
curvatu re, and horizonta l  stra in  based on infor­
mation obtained by d irect field measu rements over 
th ree longwal l  panels in the Northern Appalach ian 
Coalfie ld . The authors apply two Eu ropean 
pred iction theories to Appalach ian geologic 
conditions .  
Keyword (s) : pred iction theories, vertica l  
d isplacement, horizontal d isplacement, coal m in i ng ,  
longwal l ,  pred iction,  ground contro l ,  su rvey 
methods 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Adamek, V . ,  P.  W. Jeran . Preca lcu lation of 
Subsidence Over Longwa l l  Panels in the North ern 
Appalachian Coal Region . I N :  M ine  S ubsidence 
Contro l ,  Proceedings Bureau of M ines Tech nology 
Transfer Seminar, Pittsburgh ,  PA, September 1 9 , 
1 985 ,  U . S .  Bureau of Mines IC 9042, p .  34-56 .  
Specific l ithological cond itions over the 
Pittsburgh  Coalbed prevent the use of European 
predictive methods . This paper describes the 
development of a prediction methodology su itable 
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to the m in ing  and geological  condit ions i n  the 
northern Appa lach ian Coa l Region . Owing to 
l ithological  condit ions over the Pittsburgh  Coalbed, 
the su bsidence coeffic ient varies with in the area of 
the su bsidence trough . Th is is d ifferent from the 
Eu ropean condit ions, where the su bsidence 
coeffic ient is considered to be a constant .  
Keyword (s) : pred iction theories, geologic 
features, ang le of draw, longwa l l ,  coal m in ing  
Locat ion (s) :  Appalach ian Coal Region , Un ited 
States 
Adamek, V . ,  P. W. Jeran , M . A .  Trevits . Eva luation 
of I nfluence Function-Based Subsidence Prediction 
Models . I N :  Proceed ings,  3 rd Conference on G round 
Control Problems in  the I l l ino is Coa l  Basin ,  Aug .  
8- 1 0,  1 99 0, Mt.  Vernon,  I L, Y. P .  Chugh ,  ed . ,  
Southern I l l i nois  Un iversity, Carbonda le, p .  
2 68-275 . 
Recently, several computer a lgorithms h ave 
been pu bl ished us ing the Budryk-Knothe influence 
function for su bsidence prediction . This inf luence 
function was developed from Knoth e 1 s  profile 
function in a two-d imensional  coord inate system .  It 
is the opin ion of the authors that, because the two 
fu n ct ions are conceptua l ly i ncompatible, the use of 
a profi le function in an infl uence function tech n ique 
for  u n derground geometries not satisfying the 
l im itations for  the u se of the profi le fu nction lacks 
j ustification . Although a conception , in genera l ,  
can not be proven or d isproven mathematical ly, a 
p roperly chosen comparative study can g ive ins ight 
i nto its soundness . 
Keyword (s) :  inf luence function ,  pred iction , 
model i ng ,  computer, profi le fu nction ,  longwal l ,  
active m ines,  coa l min ing 
Location (s) :  Un ited States 
Adamek, V . ,  P. W. Jeran ,  M . A .  Trevits . 
Development of Dynamic Subsidence Over Longwal l  
Pane ls  in  the Northern Appalach ian Coa l  Region . I N :  
Rock Mechan ics, Proceedings 33rd U .S . 
Symposiu m ,  Sweeney Convention Center, Santa 
Fe, N M ,  J u ne 3-5,  1 992 ,  J . R .  Ti l lerson and W . R .  
Wawers ik, eds . ,  A .A .  Ba lkema,  Rotterdam,  p .  
243-25 1 .  
I t  is a common perception that an  increased 
rate of longwal l  face advance wil l resu lt in  a flatter 
dynamic subsidence trough above the panel ,  thus  
d im in ish ing  the  magn itude of  surface deformations, 
i nc lud ing  inc l ination , curvatu re, and horizonta l  
stra in . A thorough  ana lysis of  centerl ine field data 
from 1 4  US BM longwal l  panel  stud ies revea led , 
however, the only effect of the d iffering  rates of 
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face advance on dynamic su bsidence was the 
duration of its development. There was no effect on 
either the magnitude or the d istribution of the su r­
face deformations .  Because the rate of face ad­
vance does not p lay a role  i n  dynamic  subsidence 
development, it has been determ ined that the pre­
d iction of dynamic su bsidence can be approached 
us ing a methodology developed for static sub­
sidence prediction . 
Keyword (s}: longwa l l ,  prediction , vertica l  
d isplacement, horizontal displacement 
Location (s) :  Appa lachian Coal Region , Un ited 
States 
Adamek, V . ,  P. W .  Jeran ,  M . A .  Trevits . Static and  
Dynamic Su bsidence Prediction in  the  Northern 
Appalach ian Based on the Use of a Variable 
Subsidence Coefficient.  I N :  Proceedings Th i rd 
Workshop on Su rface Su bsidence Due to 
Underground Min ing ,  June  1 -4, . 1 992 ,  S . S .  Peng ,  
ed . ,  Morgantown, WV, p .  1 0-2 1 . 
Due to the variabi l ity of subsidence 
characteristics across coalf ie lds i n  the Un ited 
States, it was concluded that it wou ld be practica l ly 
impossible to develop a u n iversa l  p red ictive model  
for m in ing- induced su bsidence based on theoretica l  
assumptions .  Therefore, an  effort was made to f ind 
a procedu re to develop an empir ical predictive 
model based on a sufficient amount of field data 
from one min ing  area . If  successfu l ,  th is procedu re 
cou ld be used as the template for developing 
predictive capabi l ities for other coalfields with 
d ifferent su bsidence characteristics, g iven a 
reasonable amount of f ield data . This paper 
presents the theory, development, and appl ication 
of the static and dynamic subsidence prediction 
models . 
Keyword (s) : model i ng ,  prediction ,  prediction 
theories, empirical model,  longwa l l ,  geologic 
featu res, vertica l d isplacement, h orizontal 
d isplacement, computer, angle of draw 
Location (s ) :  Appalach ian Coal Region , Un ited 
States 
Adams, S . ,  P . A .  Hart, P. W. McDowel l .  G rou nd 
Conditions at Lion Sa lt Works S ite, Marston ,  
Chesh ire .  IN :  G round Movements and Structu res ,  
Proceedings 4th I n ternationa l  Conference, 
Un iversity of Wales Col lege of Card iff, J u ly 8- 1 1 ,  
1 99 1 ,  J .  D .  Geddes, ed . ,  Pentech Press, London,  
1 992 ,  p .  443-458 .  
The u nused bu i ld ings at Lion Sa lt Works h ave 
been visibly affected by various  m in ing  activities 
extract ing ha l ite from beneath the site s ince the l ate 
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1 9th centu ry .  As the works are of specia l  industria l  
a rch aeolog ical  va lue,  pr ior  to the commencement of 
preservation operations,  an investigation of ground 
cond it ions,  ana lysis of  fi nd ings,  and assessment of 
the ramificat ions for site preservation were per­
formed . Two economic ha l ite beds had been 
s imu ltaneously explo ited by relatively deep room­
and-p i l lar  workings and by br ine well  pumping at 
sha l lower depth s .  Overlyin g  strata were anticipated 
to conta in  many voids, these being  responsib le for 
n umerous i rregu la rly shaped depress ions on the 
su rface . 
Keyword (s) :  non-meta l m in ing ,  abandoned 
m ines ,  land-use p lann ing ,  surface subsidence 
damage, su rface structura l  damage, monitori ng  
methods, geolog ic featu res, foundations, 
geophysica l ,  structural m itigation 
Location (s ) :  Un ited Kingdom 
Adler, L. The Mechan ics of Longwall  Cavin g .  
Transact ions,  AI M E, v .  2 1 7 , 1 960, p .  1 90- 1 93 .  
Keyword (s) :  longwal l  
Location (s) : Un ited States 
Adler, L . , M .  C. Sun . G rou nd Control in Bedded 
Formations .  Research Divis ion,  Virg in ia Polytech n ic 
I nstitute, Blacksburg ,  Bu l letin 28, December, 1 968,  
266 p .  
The important ph ases o f  ground control h ave 
been d ivided into th ree basic elements :  roof, p i l lar,  
and f loor.  For each element, the s ign ificant l itera­
tu re deal ing with the appl ication of its respective 
concepts and with the ava i lable field evidence has 
been studied . A specia l  appl ication of roof control 
concepts to longwal l  m in ing  methods has a lso been 
reviewed . 
Keyword (s) : grou nd contro l ,  l iterature search,  
longwal l ,  roof su pport, p i l lar  strength , floor stabi l ity, 
g round  control ,  bu mps, roof stab i l ity 
Adler, L. A. Coord inated Approach--Pre l iminary and 
Integrated Analyses . I N :  SME Min ing  Eng ineering 
Handbook, v .  1 ,  A .B .  Cu mmins and I .A .  G ivens,  
eds . ,  1 973,  S M E-AI M E, New York, p .  1 3-9-- 1 3-36 .  
This chapter d iscusses the design a n d  control 
of u ndergrou nd structu res in terms of prel im inary 
a n alyses of ind ividua l  elements such as the roof and 
p i l lars, and in  terms of an integrated ana lysis of a 
synthesis of these components . 
Keyword (s) : m ine desig n ,  roof stabi l ity, 
geologic features, g round control 
Advan i ,  S .  H . ,  Y. T. Lin . Su bsidence and Roof 
Response Stud ies Related to Underground  Coal 
Gasification . I N :  Proceedings 3 rd Annua l  
Underground Coal Conversion Symposiu m ,  Fa l len 
Leaf Lake, CA, June 6-9, 1 977 ,  L .Z .  Sh uck and 
J . D .  Spencer, eds . ,  Morgantown Energy 
Technology Center, DOE,  Morgantown , WV, p .  
422-429 .  
Keyword (s) :  coal gasification , roof stabi l ity 
Location (s) :  Un ited ,States 
Advan i ,  S .  H . ,  0 .  K. M in ,  J .  K. Lee . Stress and  
Fa i l u re Eva luations Associated with Selected Coal 
Mine Pi l lar Geometries . Ohio State Un iversity, 
SAND80-7098 ,  Sandia Nationa l  Laboratories, 
Albuquerque,  NM, June,  1 980, 41 p. 
Keyword (s) :  p i l lar  strength , m ine  design ,  room­
and-pi l lar, coa l m in ing  
Location (s) :  Un ited States 
Adyalkar, P. C . ,  K .  R. Srin ivasan . Role of 
Hydrogeology in Coal Min ing  Near Chandrapur  in  
Maharashtra ,  I nd ia . IN :  Sympos ium on Water in  
Min ing  and Underground Works, SIAMOS--78 ,  
G ranada,  Spa in ,  1 978,  p .  1 - 1 6 . 
The Barakar Series of the Lower Gondwanas of 
Central I nd ia are stratigraph ical ly important for the 
occu rrence of r ich deposits of  coa l of economic 
sign ificance .  Coal  I ndia Ltd . p lans to adopt the 
depi l lar ing program in advanced coa l m ines i n  th is  
formation to ach ieve maximum production based on 
the cost-benefit ratio .  The problem of heavy 
seepage may occur however .  Hydrogeological  
stud ies were undertaken by the Centra l  G round 
Water Board with the  construction of  a test 
wel lf ield near  the Mahakal i  Col l iery of Chandrapur  i n  
I ndia . These studies have i l l um inated the  precise 
status of the groundwater reg ime of the overlyin g  
Kamth is a n d  the Barakars, a n d  establ ished t h e  basic 
aqu ifer parameters for quantification of seepage 
flows during the depi l lar ing program .  These studies 
are of great s ign ificance for plann ing  and des ign ing  
the  pu mping program to  prevent sudden flood ing i n  
t he  coa l mines .  
Keyword (s) :  hydrology, coa l m in ing ,  subsurface 
water, p i l lar  extraction, geologic featu res, m ine  
design 
Location (s) :  I ndia 
Afrouz,  A .  F loor Behavior Along Longwal l  
Roadways . I nternational  Journa l  of  Rock  Mechan ics 
and Min ing  Sciences & Geomechan ics Abstracts, v. 
1 2 , 1 975,  p .  229-240 .  
Keyword (s) :  longwal l ,  floor stabi l ity 
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Afrouz ,  A .  Yield and Bearin.g Capacity of Coal Mine 
Floors . I nternationa l  Journa l  of  Rock Mechan ics and 
Min ing Sciences & Geomechan ics Abstracts, v .  1 2, 
1 97 5 .  
Keyword(s) : coal m in ing ,  floor stabi l i ty 
Afrouz ,  A�, F .  P. Hassan i ,  M .  J .  Scoble . 
Geotechn ical Assessment of the Bearing Capacity 
of Coal M ine  F loors . I nternationa l  Journa l  of M in ing  
and  G eolog ical Eng ineering ,  1 98 8 ,  v .  6 ,  no .  4, p .  
2 97-3 1 2 . 
This investigation concerns th ree longwa l l  faces 
having variable strata and min ing  conditions .  Bear­
i ng  capacity tests a long the faces were conducted 
to eva luate the factors inf luencing floor deformation 
and fa i l u re .  The effect of size, shape, and perimeter 
of the base p lates; th ickness of the floor layer; 
t ime; and moistu re on the u lt imate bearing capacity 
of the floor was measured and discussed . The 
. app l ication of th is  work is the prediction of stabi l ity 
and  support performance of face ends, as wel l  as 
the design of support systems and ground control 
on production faces . 
Keyword (s) : floor stab i l ity, coal m in ing ,  
longwa l l ,  in situ testing ,  instrumentation , 
geotech n ica l  
Agapito, J . F .T . ,  J .  R .  Aggson,  S .  J .  M itche l l ,  M .  P .  
Hardy, W.  N .  Hoskins .  A Study of  G round Control 
Problems in  Coa l Mines with H igh Horizontal 
Stresses . I N :  Rock Mechan ics :  A State of the Art, 
Proceedings 2 1 st Sympos ium on Rock Mechan ics, 
May 28-30, 1 980,  D .A .  Su mmers ,  ed . ,  Un iversity 
of M issou ri at Rol la ,  p .  8 20-828 .  
Th is study developed i n  two stages : ( 1 )  the 
determination of h orizonta l stresses in  the roof by 
overcoring to verify the reg ional  existence of h igh  
stresses, and (2 )  n u merica l ana lyses based on these 
stress determinations to investigate a lternate m ine  
geometries that  might reduce ground control 
problems.  
Keyword (s) : rock mechan ics, ground control ,  
coal  m in ing ,  roof stabi l ity, geologic featu res, 
model i ng ,  overbu rden , bituminous,  yield ing  
supports, mine design 
Location (s) :  West Virg in ia ,  Appalachian Coal 
Region , Un ited States 
Agapito, J . F .T . ,  S .  J .  M itche l l ,  M .  P. Hardy, W. N .  
Hoskins .  Determination of l ns itu Horizonta l  Rock 
Stress in Both a M ine-Wide and District-Wide Basis . 
Report to U . S .  Bureau of M ines by Tosco Research 
I n c . ,  and Agapito & Associates, 1 980, p. 1 - 1 73.  
( NTIS PB 8 1 - 1 39735)  
Keyword (s) : rock mechanics, i n  s itu testin g  
Location (s) : Un ited States 
Aggson , J .  R. Coal M ine  F loor Heave in the Beckley 
Coa lbed, An Analysis .  U . S .  Bureau of Mines RI 
8274, 1 978 ,  32  p .  
Keyword {s ) : floor stabi l ity, coal m in i ng  
Location (s) : Un ited States 
Aggson , J .  R. l nsitu Stress F ie lds and Associated 
Mine Roof Stabi l ity . I N :  Proceedings,  M in i  
Symposiu m  on  Appl ication of  G eotechn ical Data to 
Underground Mine Desig n ,  S ME-AI M E  Fa l l  Meeting ,  
M in i  Symposiu m  Series n o .  78- 1 , 1 978 ,  p .  1 6-20.  
Keyword (s) : roof stab i l ity, geotech n ica l ,  m ine  
design 
Location (s) : Un ited States 
Aggson,  J .  R. Stress- I nduced Fa i l u res in M ine  Roof. 
U .S . Bureau of Mines RI 8338 ,  1 979 ,  1 6  p .  
This report presents a f in ite element ana lysis of 
r6of stresses associated with an underground coa l 
mine entry 4 feet h igh  by 1 8  feet wide . Th is 
analysis starts with known loadi ng  cond itions  
determined in  an  u nderground coa l m ine  i n  West 
Virg in ia and is extended to other possible u nder­
ground load ing conditions .  The roof fai l u res 
pred icted by the fin ite element ana lysis u n der 
known loading cond itions correlate wel l  with the 
roof fa i lures observed u nderground .  The most 
probable fa ilu re modes are identified for the various  
loading condit ions considered . Various fa i l u re 
preventive measures are d iscussed . 
Keyword (s} : roof stabi l ity, f in ite element, 
ground control ,  rock mechan ics, geologic featu res, 
coal m in ing  
Location (s} : West Virg in ia ,  Appalach ian Coal 
Region,  Un ited States 
Aggson,  J .  R. Design of Room and Pi l lar  M in ing  
Systems . IN :  Proceedings,  1 st Conference on  
Ground  Control Problems in  the  I l l ino is Coa l  Basin ,  
Aug .  22-24, 1 979 ,  Southern I l l i nois Un iversity, 
Carbondale,  June, 1 980, p .  44-52 .  
Recent investigations into ground  control 
problems in  underground coal mines have shown a 
strong correlation between the resu lts of theoretical  
structu ral ana lyses of coa l mine open ings and 
observed fa i l u res in  operating  m ines .  This paper 
presents a genera l  overview of the various load ing  
conditions that can  be  expected underground  and 
the  response of the  mine roof to  those loading 
conditions . Potential  ground  control problems and 
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recomm ended solut ions are discussed for several 
roof types u n der various loading conditions .  
Keyword (s} : room-and-p i l lar, ground control, 
coal m in i ng ,  roof stabi l ity, geologic features, mine 
design 
Location (s) : Un ited States 
Agioutantis,  Z . ,  G .  Goodman,  A. Jarosz, M. Karmis, 
P.  Sch i l i zz i . Pred iction of G round Movements Due 
to Underground Min ing in the Eastern Un ited States 
Coalfields Volume 1 .  Development of Prediction 
Methods . Report on Office of Su rface Min ing  
Contract J5 1 40 1 37 ,  Virg in ia Polytech n ic  I nstitute 
and State Un ivers ity, Department of M in ing  and 
M inera ls Eng ineering ,  Blacksbu rg ,  December, 1 987,  
205 p .  ( NTIS PB90- 1 48594) 
This report presents basic concepts of 
prediction methods and  monitor ing programs, 
ana lysis and refinement of prediction methods 
appl icable to the eastern Un ited States coalfie ld,  
subs idence contro l ,  and socio-economic 
considerations and conclusions .  
Keyword (s ) : coal m in ing ,  prediction , 
mathematical  model , economics, longwal l ,  h igh­
extraction retreat, room-and-pi l lar, empirical  model,  
profi le function ,  infl uence fu nction ,  zone area, 
p redict ion theories, i nstrumentation,  mon itori ng  
methods, mon itor ing equ ipment, survey data 
processing ,  ang le  of draw, yield ing supports 
Location (s) : Appalach ian Coal Reg ion,  Un ited 
States 
Agioutantis, Z . ,  M .  Karmis, A. Jarosz . Pred iction of 
S u rface S u bsidence and Stra in  in  the Appalach ian 
Coalfie lds Using Nu merica l Methods . I N :  
Proceedings of 7th International  Conference on 
G round  Control in  M in ing ,  August 3-5, 1 988,  S .S .  
Peng ,  ed . ,  Department of M in ing  Eng ineering,  West 
Virg in ia  Un iversity, Morgantown, p. 95- 1 00. 
Th is  paper presents a two-d imensional  
n u merical  procedu re that incorporates concepts 
related to the mechan ics of strata deformation as 
wel l  as empirical i ndices associated with subsidence 
eng ineeri n g .  Reg iona l  deformation data were 
employed to estab l ish overbu rden deformation. 
zones, wh i le mater ia l  properties were kept 
constant .  Sca l ing of f ina l  d isp lacement was based 
on empirical ly predicted va lues for su bsidence and 
stra in for  the Appalach ian coalfie ld .  The model was 
val idated with a n umber of reg iona l  case studies 
and predicted su bsidence and stra in curves were 
compared with those obta ined us ing a semi­
empirical  i nf luence funct ion formu lat ion . 
Keyword (s ) :  prediction ,  model i ng ,  overburden ,  
influence function ,  empirical model,  computer, coal  
m in ing  
Location {s) :  Appalach ian Coal Region ,  Un ited 
States 
Ahola,  M .  Appl ication of the Discrete E lement 
Method Toward Roof Stabi l ity Problems in 
Underground Coal Mines .  I N :  Proceedings 1 st U . S . 
Conference on Discrete Element Methods , G olde n ,  
CO, October 1 9-20, 1 989,  Colorado School  of 
Mines,  9 p .  
Keyword {s) : model ing ,  roof stabi l ity, coal 
m in ing  
Ahola,  M.  P .  Geomechan ical  Eva luation of 
Escarpments Subjected to Min ing  I nduced 
Subsidence . I N :  Rock Mechan ics Contributions and  
Chal lenges, Proceedings of  the 3 1 st U .S .  Rock 
Mechan ics Symposium,  June 1 8-20, 1 990, W .A. 
Hustru l id and G .A .  Johnson , eds . ,  Golden , CO . 
Ba lkema, Rotterdam,  p .  1 29- 1 36 .  
This paper presents prel im inary resu lts of 
n umerical model i ng  conducted by the Bureau of 
M ines to i l l ustrate the capabi l ities of the bou ndary­
element method in predicting ,  comparing ,  and 
assessing the effects of  m in ing  beneath m assive 
sandstone escarpments . This is rapid ly becoming a 
major environmental concern in the Western Un ited 
States . As an escarpment is  undermined ,  the 
resu lting  su bsidence induced by the min ing  h as the 
potentia l  to cause b locks of material  to fa i l  a long 
existin g  jo int  p lanes and s l ide or topp le down the 
talus  s lope below.  This fa i l u re has the potentia l  to 
impact wi ld l ife hab itat, raptor nesting  s ites, 
vegetation , and other land uses . A two-d imensiona l  
boundary-element ana lysis was conducted a long a 
vertical cross section through a m ine  in Utah . 
Keyword(s) : model ing ,  boundary e lement, 
pred iction , environment, longwal l ,  coa l m in i ng ,  
geologic featu res, wi ld l ife 
Location (s) : Uta h ,  Rocky Mou ntain Coal Region ,  
Un ited States 
A I M E .  Report of Sub-Committee on Coal M in i ng  to 
Committee on G round Movement and  Subsidence . 
Transactions,  AI ME,  v. 74, 1 926, p .  734-809 . 
At the time ( 1 926) , th is report was considered 
to be the most complete col lection of subsidence 
data . In addition to cases a l ready in  the l iteratu re,  
questionna i res were sent out to a l l  the large 
operat ing bitu minous coa l compan ies and to many 
eng ineers . The effects of  subsidence were 
d iscussed under the fou r  main categories of 
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squ eezes, m ultip le-seam extraction ,  room-and-pi l lar  ' 
min ing ,  and longwal l  m in ing .  Conta ins a 
b ib l iography of su bsidence l iterature from 
1 9 1 3- 1 924 .  
Keyword (s ) :  p i l l a r  extraction ,  mu ltiple-seam 
extraction , m ine  operation , h istorica l ,  room-and­
pi l lar ,  longwa l l ,  l iterature search , coal m in ing  
Location (s) :  I l l i nois, Eng land ,  Appalach ian Coal 
Region , Oklahoma, Un ited States 
AI M E-S M E, Coal Division . E lements of Practical 
Coal Min ing . Port City Press, I n c . ,  Baltimore, 
Maryland ,  1 973,  6 1 4  p .  
This book presents basics of mine design and 
operation , inc lud ing m in ing  methods and roof 
support .  
Keyword (s ) :  roof su pport, m i n e  design ,  m ine  
operation ,  coa l m in ing  
Location (s) :  Un ited States 
Akag i ,  T. Some Land Subsidence Experiences in  
Japan and  The i r  Relevance to Subsidence i n  
Bangkok, Tha i land .  Geotech n ical Eng ineering ,  v .  1 0, 
1 97 9 ,  p .  1 -48 . 
Location {s } : Japan , Tha i land  
Akimov, A .  G .  On Methods of  Precalcu lat ing 
G round  Su rface Movements . Ugol,  v .  2 ,  1 958 ,  p .  
20-23 . 
Keyword (s) :  prediction 
Albert, E. K., R. L .  F lega l .  Developing  an 
I n formation  System to Choose Abandoned Mine  
S ites for  Reclamation . M in ing  Eng ineering ,  
November, 1 99 0, p .  1 246 . 
A management i nformation system that 
combines scientific selection procedures is bein g  
developed to provide for a flexible and custom ized 
selection procedu re for AML projects . 
Keyword (s ) :  abandoned mines, reclamation , 
computer, coal m in ing  
Location (s) : Un ited States 
Albright, J .  N . , P. M .  Ha l leck, C. Pearson,  M .  
Feh ler .  S u bsurface Subsidence Damage Monitori n g :  
Seismic Tomography a n d  M icrogravimetry . I N :  
Proceedings,  Workshop o n  S u rface Subsidence D u e  
t o  Undergroun d  M ini ng ,  Morgantown , WV, 
November 30-December 2 ,  1 98 1 ,  S .  S. Pen g  and 
M.  Harth i l l ,  eds . , Department of M in ing  Eng ineering ,  
West Virg in ia  Un iversity, Morgantown,  March , 
1 982,  p .  1 98-205 . 
Both m icrogravimetry and crosshole seismic 
tomography are means by which subsurface 
• 
col lapse and rock fa i l u re may be observed . The 
authors show resu lts of  ca lcu lat ions that predict 
changes in gravity and gravity g radient that resu lt 
from void migration,  bu lk ing,  and hydrology 
disru ption due to room-an d-pi l lar  m in i ng .  
Keyword (s) :  mon itorin g  design ,  mon itor ing 
equ ipment, mon itoring  insta l lat ion ,  se ismic,  
subsurface water, hydrology, overburden 
Location (s) : West Virg in ia ,  Appa lach ian  Coa l 
Region,  Un ited States 
Albright, M .  B. Subsidence Related to O i l  F ie ld 
Activity . I N :  Proceedings,  2nd G eologic H a za rds 
Con ference, Landsl ides and S u bsidence, Los 
Angeles, CA, 1 966, Ca l i forn ia Resources Agency; 
Sacramento, p.  1 30-1 34.  
Keyword (s) : o i l  extraction 
Alder, H . ,  A. Walker, L. Walker .  S u bsidence and I ts 
Bear ing on Min ing  Methods . Transactions,  I nstitute 
of  M in ing  Eng ineers, London,  v .  1 07 ,  no .  2 ,  May, 
1 942, p .  302-32 6  and 42 1 -424. 
This paper d iscusses the e ffects of  subsidence 
from u nderground m in ing  on the surface and i nter­
med iate strata . Various m in ing  methods are 
recommended that provide for maxi m u m  
economical  coal extraction a long with m i n i m u m  
subsidence . 
Keyword(s ) :  m ine des ign ,  overburden , part ia l  
extraction , room-an d-pi l lar ,  longwal l  
Location (s) :  Eng land 
Alder, H . ,  A .  Walker, L. Walker .  S u bsidence and Its 
Bear ing on Min ing  Methods.  Col l iery G uard ian ,  v. 
1 66, 1 943, p. 569-572,  600-604, and 628-63 2 .  
Total extraction of  coal over a su ffic iently large 
area is inevitably fol lowed by subsidence of  the 
surface regard less of the depth of  working ,  the 
method of  min ing,  or the th ickness of the sea m .  
Keyword(s) : angle of  draw, geologic features, 
coa l min ing,  mine design ,  mine operation ,  part ia l  
extraction ,  pi l lar strength 
Location (s) : Un ited Kin gdom 
Alder, H . ,  E .  L .  Potts, A .  Wa lker.  Research on 
Strata Control in  the Northern Coal  F ie ld  of  G reat 
Brita in . I N :  Proceedings,  I nternationa l  Con ference 
About Rock Pressu re and Support in  the Work ings,  
Apr i l  24-28,  1 95 1 ,  Liege, Belg i um ,  l nstitut Nationa l  
de l 1 l ndustrie Charbonn iere, p .  1 04- 1 1 3 . 
Keyword (s) :  g round contro l ,  coa l m in ing  
Location (s} :  Eng land 
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Aljoe,  W . W . ,  J .  W .  Hawkins .  I nvestigation and 
Characterization o f  G roundwater Flow Systems in 
Abandoned Underground Coal Mines .  I N :  
Reclamation 2000: Tech nolog ies for Success, 
Proceedings Nation a l  Meeting  American Society of 
S u rface M in ing  and Reclamation , 1 99 1 ,  W. Oaks 
and  J .  Bowden, eds . ,  p .  241 -260. 
Keyword (s} : abandoned m ines, coal  m in ing ,  
hydrology, subsurface water 
Alke, R .  B . ,  B. L.  Thompson . A Case History of the 
Effect of  Mine S u bsidence on a Concrete Arch 
Bridge in Northern West Virg in ia . I N :  Rock 
Mechan ics in  Productivity and Protection ,  Pro­
ceedings 25th Sympos ium on Rock Mechan ics, 
Northwestern Un ivers ity, Evanston , I L, June  25-27,  
1 984, C . H .  Dowding and M . M .  S ingh , eds . ,  S M E­
A I M E ,  New York, p .  907-9 1 3 . 
A rein forced port land concrete arch fi l led bridge 
was u n dermined by an active longwa l l  in West 
Virg i n ia . After the su bsidence, the bridge reta ined 
its structu ra l i ntegrity and adequately carried the 
requ i red l ive loads .  Normal tra ffic was mainta ined 
conti n uously du ri ng  and after the subsidence 
period . The on ly repa i r  to the structu re requ i red as a 
resu lt o f  m in i ng  was epoxy injection of the cracks . 
Although the br idge settled d i fferentia l ly, it was 
n ever out of service.  Temporary su pports were 
insta l led,  but they never became functiona l  nor was 
pub l ic  safety ever in question . 
Keyword (s } :  surface structu ra l damage, 
longwal l ,  coa l m in ing ,  active mines, eng ineering ,  
geologic featu res 
Location (s} : West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Al len,  A. S. Review of the Causes of Subsidence. 
U . S .  Department of  the I nterior, Geological S u rvey 
Profess iona l  Paper 400-B, 1 960, p .  B 1 47-B 1 48 .  
Keyword (s} : fl u id extraction 
Location (s } :  Un ited States 
Al len,  A. S .  G eologic Sett ings of Subsidence . 
Reviews in Eng ineering Geology, v. 2 ,  D .J .  Varnes 
and  G .  Kiersch , eds . Geological  Society of  America , 
Bou lder, CO, 1 969,  p .  305-342 . 
Keyword (s} :  geologic featu res , eng ineering 
Location (s} : United States 
Al len,  A. S . ,  C. W. Anderson . Recent Developments 
in the Use of  M ine  Waste for Subsidence Contro l .  
I N :  Proceed ings,  4th Minera l Waste Uti l ization 
Symposiu m, cosponsored by U . S .  Bureau of  Mines 
and I l l i nois I nstitute of Technology Research 
I nstitute, Ch icago, I L, May 7-8,  1 974, p. 2 1 3-22 1 . 
This paper provides i nformation on p u m ped­
s lu rry backfi l l i ng  procedu res as  well as the u se of 
mine waste as f i l l  for contro l l i ng  subsiden ce i n  
abandoned room-and-pi l l a r  m ines that h ave become 
flooded or are otherwise i naccessib le .  
Keyword {s ) :  hydrau l ic  backfi l l i ng ,  m ine  waste, 
abandoned m ines, room-and-pi l l a r  
Location {s } :  Pennsylvan ia ,  Appalach ian  Coal  
Region,  Un ited States 
Allen , A. S .  Basic Questions Concern i ng  Coal  M ine  
Subsidence in t he  Un ited States . Bu l letin o f  the  
Association of  Eng ineerin g  G eologists, v .  1 5 , n o .  2 ,  
1 978,  p .  1 47- 1 6 1 . 
Keyword {s ) : coa l m in ing  
Location {s) : Un ited States 
Al len , C .A.  Coal Losses in I l l i no is .  I l l inois State 
G eological Survey, M in ing  I nvestigation Bu l let in  30, 
1 925,  Urbana ,  34 p.  
This report d iscusses extraction percentages in  
27  cou nties in I l l i no is .  P i l l a rs and  roof coal were 
two of the reasons  for coa l bein g  left beh i n d .  Other 
unavoidable coal losses were left to support 
ra i l roads and streams.  
Keyword {s) : coa l  m in ing ,  h istorical 
Location (s} : I l l i nois,  I l l i nois  Coal Basi n ,  Un ited 
States 
Al len , C. A. Coal Losses in  I l l i no is .  I l l i no is  State 
Geological  Su rvey, M in ing  I nvestigation Bu l let in 30, 
1 925,  Urbana ,  36  p .  
Th is report d iscusses the amount of coa l in  
I l l i nois that was left un mined as p i l la rs and  for  other  
reasons .  The author showed how extraction ratios 
cou ld be increased in many cases from 50% to 
80% . In some counties, coa l was left to protect 
ra i l roads, roads, water suppl ies, and/or su rface 
agricu ltu ral land from subsidence. 
Keyword {s) : h istorica l ,  coa l m in ing ,  part ia l  
extraction , economics,  agricu ltu re,  land va l ues 
Location {s ) :  I l l inois,  I l l inois Coal Bas in ,  Un ited 
States 
Al len , C. W. Subsidence Resu lti ng  from the Athens 
System of Min ing at Neganee, M ich iga n .  
Transactions, A I M E, v .  1 09 ,  1 934, p .  1 95-202 . 
Location {s ) :  Mich igan,  Un ited States 
Al len , D. R. Physica l Changes of Reservoir 
Properties Caused by Subsidence and Pressuri ng  
10 
O peration s .  Journa l - of Petroleum Tech nology, v .  
20 ,  n o .  1 ,  1 968,  p .  23-29.; 
Keyword {s ) : o i l  extraction , hydrology, 
subsurface water 
Al len , D ;  R .  Col lar  and Rad ioactive Bu l let Logg ing 
for  S u bsidence Monitori ng .  I N :  Proceedings,  1 0th 
Ann ua l  Society of Professiona l  Well Log Analysts 
Logg ing  Symposi u m ,  Houston , 1 969,  p .  G . 1 -G . 1 9 . 
Keyword {s) : f lu id extraction , mon itoring 
m ethods, o i l  extraction 
Al len , D. R . ,  M. N .  Mayuga . The Mechan ics of 
Compaction and Rebound ,  Wi lmington Oil F ie ld,  
Lon g  Beach,  Ca l iforn i a, I nternationa l  Association 
Hydrological  Sciences Pub l ication 89, 1 970, p .  
4 1 0-423 .  
Keyword (s} : o i l  extraction , f lu id  extraction 
Location {s) : Ca l iforn ia ,  Un ited States 
Al lett, E .  J .  Environmental Aspects of New Mine  
P lan n ing . Col l iery G uard ia n ,  v .  23 1 ,  no .  8 ,  1 983,  p .  
434-435 ,  437-439 ,  and 44 1 . 
Keyword {s} : environ ment, mine des ign,  l and-use 
p lann ing  
Al lga ier, F .  K .  S u bs idence Mon itori ng  Over Western 
Coal  M ines .  I N :  Proceedings,  Workshop on Su rface 
S ubsidence Due to Underground Min ing ,  November 
30-December 2 ,  1 981, S . S .  Peng and M. Harth i l l ,  
eds . ,  West Virg in ia  Un iversity, Morgantown , March , 
1 982 ,  p .  1 56- 1 6 1 . 
Th is  paper describes subsidence mon itoring 
equ ipment and procedu res used at  five coa l mines 
in Colora do and  Uta h with substantia l ly different  
m ine  p lans,  m in ing methods, depths of  cover, and  
topography. T�e mon itori ng  procedu res used at  
each  s ite were s im i l a r  and  inc luded design ing  the  
mon itoring  n etwork l ayout, insta l l i ng  the  su bsidence 
mon u ments, i n it ia l  and periodic su rveying ,  and 
process ing  the s urvey data . Data from the mon itor­
i ng  program are su ppl ied to cooperating m in ing  
compan ies and used by the  Bureau to  accompl ish 
the long-term objective of developing  and va l idating 
subsidence prediction techn iques appl icable to 
m ines in the West. 
Keyword (s) : mon itoring insta l lation ,  mon itori ng  
equ ipment, mon itoring desig n ,  survey methods, 
survey equ ipment, su rvey data processing,  coal 
m in i ng ,  prediction 
· Location (s} :  Colorado, Utah ,  Rocky Mou nta in  
Coal  Reg ion,  Un ited States 
• 
Al lga ier, F .  K. Su rface Subsidence Over Longwal l  
Panels in the Western United States . I N :  State-of­
the-Art of  Ground Control in Longwal l  M in ing  and 
Min ing  Su bsidence, S M E-AI ME ,  Y. P .  Chugh  and M. 
Karmis, eds . ,  Sept . ,  1 982 ,  p .  1 99-209 . 
The geology, mine p la n ,  and survey network are 
outl i ned for th ree study s ites as part of  an  ongoing 
subsidence pred iction research program conducted 
in central Utah . Measured va l ues from study s ites 
are compared with two prediction meth ods :  the 
NCB method and the Donets profi le  function . 
Keyword (s) :  prediction , pred iction theories, 
empirical model,  vertical d isplacement, mon itorin g  
design , monitoring equ ipment, survey methods, 
longwal l ,  Nationa l  Coal Board, profi le fu nction 
Location (s) :  Uta h ,  Rocky Mounta in  Coal Reg ion , 
Un ited States 
Al lga ier, F .  K. Su rface Su bsidence Over Lon gwa l l  
Panels in the  Western Un ited States : Mon itorin g  
Program a n d  Pre l im inary Resu lts a t  t h e  Deer Creek 
Mine,  Utah . U .S . Bureau of  M ines IC 8896,  1 982 ,  
24 p .  
Prel im inary site i n formation,  subsidence resu lts, 
and a report of  the instrumentation are g iven for a 
study performed over fou r  adjacent longwal l  panels 
in central Utah . I n formation is  g iven to estimate 
labor and time needed for such a project. 
Keyword (s) :  mon itor ing desig n ,  mon itorin g  
insta l lation ,  mon itoring equ ipment, survey methods, 
longwal l ,  economics, su rvey equ ipment, su rvey 
data · processing 
Location (s) : Utah ,  Rocky Mounta in  Coa l Region , 
Un ited States 
Amato, R .  B . ,  T. V. Leshendok.  G eologic Factors 
Related to Su rface Subsidence Due to Underground 
Coal Min i ng .  Geological Society of  America 
Northeastern Section , 1 0th An nua l  Meeting ,  1 97 5 ,  
Abstracts with Programs, v .  7 ,  p .  2 1 -2 2 .  
Keyword (s) :  geologic featu res, coa l m in ing  
Location (s) :  Un ited States 
Amuedo, A. S . ,  J .  B. Ivey. G round Subsidence and 
Land Use Considerations Over Coal M ines in  the  
Bou lder-Weld Coal F ie ld,  Colorado.  Colorado 
Geologica l  Survey Environ menta l  G eology Series no . 
9 ,  1 975 . 
Keyword (s) : coal m in ing ,  land-use plann i ng ,  
environment 
Location (s) : Colorado, Rocky Mounta i n  Coal 
Region , Un ited States 
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Andromalos, K.  B . ,  C .  R .  Ryan . Subsidence Control 
by H igh Volume G routi ng .  I N :  Mine I nduced 
S u bsidence : E ffects on Eng ineered Structures, 
Proceed ings of the Symposium,  Nashvi l le,  TN, May 
1 1 , 1 988,  ASCE Geotechn ical Special Pu bl ication 
n o .  1 9, 1 988 ,  p. 53-68 . 
G routi ng  techn iques h ave been used for years 
to stabi l i ze existin g  structures and new construction 
over abandoned coal mines .  The pu rpose of mine 
grouti ng  programs is to provide additional  support 
at m ine  level to control future mine subsidence . 
Keyword (s) : g routing ,  abandoned mines, coa l 
m in i ng ,  m ine  waste 
Location (s ) :  Pen nsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Andros, S .  0 .  Coal M in ing  Practice in D istrict V I I I .  
I l l i nois State G eological  S u rvey, Min ing  I nvesti­
gation Bu l letin 2, 1 9 1 4, 47 p .  
Keyword (s) : h istorica l ,  coa l m in ing  
Location (s) : I l l inois,  I l l i no is  Coa l  Basin ,  Un ited 
States 
Andros, S .  0 .  Coal M in ing  Practice in D istrict V I I .  
I l l i nois State Geological  Su rvey, M in ing  
I nvestigation Bu l leti n 4 ,  1 9 1 4, 53 p .  
Keyword (s) : h istorica l ,  coal m in ing  
Location (s) : I l l ino is,  I l l i no is  Coal Basin ,  Un ited 
States 
Andros, S .  0 .  Coal M in ing  Practice in D istrict V .  
I l l i nois State Geological  Su rvey, M in ing  
I nvestigation Bu l leti n 6, 1 9 1 4, 34 p .  
Keyword (s) : h i stori ca l ,  coal m in ing  
Location (s) : I l l i nois,  I l l i no is Coa l  Basin ,  Un ited 
States 
Andros, S .  0 .  Coal M in ing  Practice in District I I .  
I l l i no is State Geological  Su rvey, M in ing  
I nvestigation Bu l leti n 7 ,  1 9 1 4, 22  p .  
Keyword (s) :  coal m in ing ,  h istorical . 
Location (s ) :  I l l i nois, I l l i nois Coal Bas in ,  Un ited 
States 
Andros, S .  0 .  Coal M in ing  Practice in District I 
( Longwal l ) .  I l l i nois State Geological Survey, Min ing 
I n vestigation Bu l letin 5 ,  1 9 1 4, 42 p .  
Keyword (s) : longwal l ,  coal m in ing ,  h istorica l 
Location (s ) : I l l i no is, I l l inois Coal Bas in  
Andros, S .  0.  Coa l  Min ing Practice in  District VI  
(M ines in Bed 6 in  Frankl i n ,  Jackson,  Perry and 
Wi l l iamson Cou nties ) . I l l inois State G eological 
S u rvey, M in ing  Investigation Bu l letin 8 ,  1 9 1 4, 49 p .  
Keyword{s) : mine operation , coal m in i ng ,  
h istorical 
Location (s) :  I l l inois,  I l l i no is  Coal Basin , Un ited 
States 
Andros, S. 0 .  Coal M in ing  in I l l i no is .  I l l i no is  State 
Geological Su rvey, Min ing  I nvestigation Bu l leti n 1 3 , 
1 9 1 5, 250 p .  
Th is bu l letin  summarizes ear l ier d istrict reports 
so as to compare min ing  practice and to make 
genera l izations about the state as a whole .  A 
h istorical chapter on the economic development of  
I l l i nois is inc luded, as well  as an  appended 
bibl iography of the geology, chemistry, and 
exploration of  the  d i fferent seams.  
Keyword (s) : h istorica l ,  coa l m in ing 
Location (s) :  I l l inois,  I l l inois Coa l  Bas in ,  Un ited 
States 
Andros, S .  0 .  Coal M in ing  Practice in District I l l .  
I l l ino is State Geological S u rvey, M in ing  
Investigation Bu l letin 9 ,  1 9 1 5 , 30 p .  
Keyword (s) :  coal m in ing ,  h istorical 
Location (s) :  I l l i nois, I l l i nois Coa l Bas in ,  Un ited 
States 
Andros, S .  0 .  Coal Min ing  Practice in District IV .  
I l l inois State Geolog ica l Survey, M in ing  
I nvestigation Bu l letin 1 2 , 1 9 1 5 , 57  p .  
Keyword {s) : coal m in ing ,  h i storical 
Location (s ) :  I l l i nois, I l l inois Coa l Bas i n ,  Un ited 
States 
Ang,  C. Y. A Study of Subsidence Caused by 
Underground Min ing  with Special  Emphasis on 
Angle of Break.  Thesis, Colorado School of M ines ,  
Golden , CO,  1 947.  
This is a study of problems related to the ang le 
of break in subsidence . I n  laboratory experiments, 
su bs idence was observed to reach the surface 
un less a strong, natu ra l  arch was formed . Angle of  
break i s  a fu nction of  bed inc l ination , the  m in im u m  
ang le being 6 2  degrees . 
Keyword (s ) :  lab testing ,  model i ng ,  physica l  
model ,  overburden , su rface su bsidence damage 
Location (s) : Un ited States 
Aoki , S .  Land Subsidence in N i igata . I N :  
Proceedings, 2nd I nternational  Symposiu m  o n  Land  
Subsidence, Anaheim, CA, 1 97 7 .  I nternationa l  
Association of  Hydrological Sciences Publ ication n o .  
1 2 1 ,  Wash ington ,  D .C . ,  1 977 ,  p .  1 05- 1 1 2 . 
Keyword (s) :  hydrology 
1 2  
Arcamone,  J . , P. Schroeter, M .J . P .  Dejean . State of 
the Art of M in ing  S u bsidence in  France.  I N :  
Proceedings,  88th An n ua l  Genera l  Meeting o f  
Canada I nstitute o f  M in ing ,  Montrea l ,  May, Paper 
no. 84, 1 986,  1 7  p .  
Location (s ) :  France 
Arch iba ld ,  G. I . ,  A .  M. Weir .  A Fie ld Study o f  
S u bsidence . Chartered S u rveyor, v .  1 02,  no .  4, 
1 969 ,  p. 1 77- 1 8 6 .  
Keyword (s) : su rvey methods 
Arndt, E .  Zur Anwendung  der Methode der 
End l ichen Elemente i n  der Bergschadenkunde 
(Appl ication of F in ite E lement Method in M in ing  
S u bsidence Assessment) . G l uecka u f­
Forschu n gshefte, v .  38 ,  no .  2, 1 977,  p .  82-8 5 .  
Keyword (s ) :  fin ite element, model ing  
Location (s} :  Germany 
Arnou ld ,  M. Problems of  Underground Cavities in  
the Paris Area . I N :  Proceedings,  Sympos ium on 
G eological  and Geograph ical  Problems of Areas of 
H igh Popu lation Dens ity, Association of Eng ineering  
G eolog ists An n u a l meeting ,  Wash ington , D .C . ,  
October 23 ,  1 970.  
The a uthor d iscusses approaches to su bsidence 
problems resu lt ing from abandoned l imestone mines 
a n d  solution cavities in l imestone.  
Keyword (s ) :  abandoned mines, non-meta l 
m in i ng ,  backfi l l i ng  
Location (s} :  France, Eu rope 
Arup ,  0. N . ,  R. S. Jenkins .  The Design of  a 
Re in forced-Concrete Factory at Brynmawr, South 
Wa les . I N :  Proceedings,  I n stitution of Civi l 
Eng ineers, v .  2 ,  pt. 3 ,  no .  3 ,  December, 1 953,  p .  
345-3 9 7 .  
T h e  a uthors describe construction of a factory 
over abandoned room-and-pi l lar  and longwal l  coa l 
workings .  
Keyword (s} : g round  contro l ,  abandoned mines, 
room-and-pi l la r, longwal l ,  fou ndations, arch itectu re, 
eng ineeri ng ,  coal m in ing  
Location ( ::.): Wales 
Ash ,  N. F . ,  D . -W . Park. 3-D Fin ite Element Model ing 
of Lon gwal l  Min ing Using Progressive Fa i l u re 
Concept .  I N :  Rock Mechan ics : Proceedings of the 
2 8th U .S . Symposiu m ,  Univers ity of Arizona,  
Tucson , June 29-J u ly 1 ,  1 987,  l .W .  Farmer, et  a l . ,  
eds .  Balkema,  Rotterdam,  1 987,  p .  725-734. 
• 
This study uses the th ree-d imensiona l  fin ite 
element method and integrates the techn ique  of  
progress ive fa i l u re to  s imu late stress red istribution 
at a longwal l  m in ing  section . The two selected s ites 
for wh ich the s imu lation is  performed are located i n  
t he  Black Warrior Coal Basin of  Alabama .  
Keyword (s) :  model i ng ,  fin ite e lement, longwal l ,  
p i l l a r  strength , overburden , roo f  stab i l ity, coal  
m in ing ,  active mines,  yie ld ing supports 
Location(s ) : Alabama, Un ited States 
Ash , S .  H . ,  J .  Westfield . Backfi l l i ng  Problem in the 
Anthracite Region as it Relates to Conservation o f  
Anth racite a n d  Prevention of  Subsidence . U . S .  
Bureau o f  Mines IC  7342 ,  1 946, 1 8  p .  
This circu lar describes t h e  h istory of  subsidence 
in Pennsylvan ia; it a lso discusses areas su itable for 
backfi l l i ng . The authors argue  for federal and state 
involvement in subsidence-prevention research . 
Keyword(s) : backfi l l i ng ,  anth racite, coa l m in i ng ,  
h i storica l , subsidence research 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Ash mead, D. C. How the Kingston Coal Company 
Redu ces Su bsidence and Conserves Coal by Rock 
F i l l i ng and S i lti ng .  Coal Age,  v. 20, August, 1 92 1 ,  
p .  1 67- 1 7 1 . 
This paper describes the investigation o f  
backfi l l i ng  methods us ing mine waste i n  
Pennsylvan i a .  
Keyword (s) :  backfi l l i ng ,  mine waste, coal 
m in ing  
Location (s) : Pen nsylvan ia,  Appalach ian Coal 
Region , Un ited States 
Ashworth , E . ,  ed . Research and Eng ineering  
Appl ications in Rock Masses . Proceed ings,  26th 
U .S .  Symposium on Rock Mechan ics, South Dakota 
School of M ines & Technology, Rapid City, J u ne 
26-28,  1 985,  Ba lkema, Boston,  1 985,  v .  1 and 2 ,  
1 292  p .  
Keyword (s) :  rock mechan ics, model ing ,  
prediction , overbu rden , room-and-pi l lar ,  longwal l ,  
f in ite element, roof su pport, g round contro l ,  m ine  
design ,  boundary element, conti n u u m  mechan ics, 
computer, pi l lar strength,  seismic, i nstru mentation 
Location (s) : Canada , I l l inois,  Un ited States, 
Appalach ian Coal Region , Utah ,  Braz i l ,  France, 
Nevada 
Astin,  J. A Viscoelastic Ana lysis of G round 
Movement Due to an Advanc ing Coa l  Face . Jou rn a l  
of Eng ineering  Mathematics, v .  2 ,  1 968,  p .  9-2 2 .  
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Keyword (s ) :  coal m in i ng ,  model ing,  viscoelastic 
model , phenomenological  model 
Aston ,  R. L. S u bsidence Waiver Upheld in  Virg in ia . 
Coa l ,  Apri l  1 990, v .  95 ,  no .  4, p .  77 . 
A Virg in ia  federal cou rt g ranted summary 
j udgment for a coal company, ho ld ing that the 
company cou ld  not be held l iable to a s�rface 
owner ' s  property as a resu lt of breaking strata that 
was caused by the m i�er ' s  use of  the longwal l  
method of  min ing where there h ad been an express 
waiver .  
Keyword (s) : law, longwal l ,  coal m in ing ,  surface 
subsidence damage, active m ines 
Location (s) :  Virg in ia ,  Appa lachian Coal Region,  
Un ited States 
Aston , R .  L .  SMCRA Ru les Reviewed and 
Remanded by D.C.  Coal ,  September, 1 990, p .  
8 1 -8 3 .  
The U . S .  D istrict Cou rt for t h e  District of  
Colu mbia reviewed ru les u nder the  federa l  Surface 
M in i ng  Control and Reclamation Act (SMCRA) of 
1 97 7  for the fou rth t ime s ince it became law .  The 
cou rt was cal led in by the Nationa l  Wi ld l ife 
Federat ion to decide five separate cha l lenges to 
S MCRA regu lations .  Th ree issues dealt with 
su bsiden ce of land over underground  coal mines,  
and  two with when the act  should beg in to apply to 
certa in  types o f  coal m ine  operations .  
Keyword (s ) :  law, coa l  m in ing ,  active m ines, 
surface structu ral damage, environment, 
rec lamation 
Location (s) : Un ited States 
Aston ,  T . R . C .  Discussion Paper: Subsidence 
Research in  the Sydney Coalfield . CAN MET, 
Canad ian Centre for Minera l and Energy Techno logy 
Divis ion Report E R P/CRL  83- 1 O(R) ,  Apri l ,  1 983,  
Energy Research Program,  Coa l  Research 
Laboratories, Sydney, Nova Scotia,  23 p .  
The app l icabi l ity to the Sydney Coa l field of 
existin g  g u idel ines for the sa fe working  of undersea 
coal reserves is  u ncerta in . Land-truthed data has 
been extrapolated to u ndersea condit ions, rather 
than empirica l ly derived from seabed-truthed data . 
It is therefore proposed to in itiate a major research 
effort to mon itor su bsidence development over 
these u ndersea workings .  
Keyword (s ) :  surface water, subsu rface water, 
coal  m in i ng ,  mu ltip le-seam extraction ,  longwal l ,  
mon itor ing design ,  model ing ,  instru mentation , 
prediction ,  su bsidence research , in flow 
Location (s} : Canada 
Aston ,  T . R .C . ,  R .  N .  S ingh . A Reappra isa l  of 
I nvestigations i nto Strata Permeabi l ity Changes 
Associated with Longwa l l  M in i ng .  I nternation a l  
Journa l  of Mine Water, v . 2 , n o .  1 ,  1 983, p .  1 - 1 4 . 
Keyword {s) : longwa l l ,  overbu rden , hydro logy, 
su bsu rface water 
Aston ,  T . R . C . ,  B. N .  Wh ittaker .  Undersea Longwal l  
M in ing  S u bsidence with Specia l  Reference to 
Geological and Water Occu rrence Criteria in the 
North-East of England Coalfiel d .  M in i ng  Science and 
Technology, v .  2 ,  1 985,  p .  1 05- 1 30 .  
To date, the  use of  classical statistica l  
techn iques for the identification and analysis of 
parameters that control the occu rrence of water on 
longwal l  panels has proved i nconclusive . An 
alternative and potentia l ly more mean ingfu l 
approach is to examine the interaction between the 
tensi le stra in induced by min ing  and the geologica l  
and hydrogeological  environment surrou nd ing  the 
workings .  
Keyword (s) : subsurface water, hydrology, 
longwa l l ,  coal m in ing ,  geologic featu res, i nf low 
Location (s } :  Eng land 
Aston ,  T . R . C . ,  H .  Y.  Tammemagi ,  A .  W .  Poon . A 
Review and Eva luation of Empirica l  and Ana lytical  
Subsidence Prediction Tech n iques . M in ing  Science 
and Techn ology, v .  5 ,  1 987,  p .  59-69 . 
A review and eva luation of a n u mber of 
different empirica l and ana lytica l  su bsidence 
pred iction techn iques were u ndertaken as part of a 
long-term research program into seafloor sub­
sidence in the Sydney Coalfie ld,  Nova Scotia . After 
an in itia l  review of these methods, as wel l  as the 
ava i lable computer programs for subsidence 
prediction, a comparison is  made between the 
resu lts obta ined from six specific prediction 
methods appl ied to a hypothetica l  case h istory . 
Keyword {s) : pred iction theories, empirica l 
model,  prediction , coal m in ing ,  model i ng ,  Nationa l  
Coal Board, profi le  fu ncth .. m ,  infl uence fu nction , 
stochastic model, fin ite element, boundary e lement, 
mathematical model, computer, surface water, 
vertica l d isplacement, active m ines 
Location (s) : Canada 
Aston ,  T . R . C .  Longwal l  Seafloor S u bsidence 
Mon itori ng :  Why and How. M in ing  Eng ineeri ng ,  
December, 1 989 ,  p .  1 2 1 0- 1 2 1 2 . 
Extensive u ndersea coa l reserves, identified i n  
t he  offshore portion of  the  Sydney coa lfie ld ,  Nova 
Scotia,  have resu lted in the implementation of a 
mu lti-year research program to develop s ite specific 
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g u ide l ines for the u ndersea longwa l l  m in ing  
operation s .  Pre l im inary studies have revealed fou r  
potentia l  schemes for mon itoring seafloor longwa l l  
su bsidence profi les : seasurface, su bsea , geo­
phys ics, and  d i rect mon itoring .  Fu rther work has 
i nd icated , however, that the use of mar ine geo­
physical  techn iques may be the most effective 
method of identifying and eva luating seafloor 
su bsidence profi les by comparing pre- and post­
m in i ng  seafloor topograph ies . 
Keyword (s) : coal m in ing ,  longwal l ,  mon itoring 
methods, geophysica l ,  active mines 
Location {s) : Canada 
Aston ,  T . R . C .  That S inking Feel i ng :  Scientists 
Mon itor Seafloor Subsidence in Nova Scotia 1 s  
Sydney Coalf ie ld .  G eos, v .  4, 1 989 ,  p .  1 8-2 1 . 
Researchers are mon itoring  the seafloor and 
measu ring  water depth to see whether the  ocean 
bottom is s ink ing above u ndersea mines .  Although 
artific ia l  structures are rarely bu i lt  on the  seafloor, 
scientists sti l l  want  to know how the rock mass 
behaves on the seafloor in  the zone of tensi le  
stra in . Essentia l ly, the rock mass is being p u l led 
apart, creating a potentia l  fractu re-fissure network, 
wh ich cou l d  resu lt in  a d i rect hydra u l ic connection 
between the mine work ings and the seafloor.  
A lthough a catastroph ic i n rush of water to the mine 
work ings is  extremely u n l i kely, researchers worry 
about the s low but cumu lat ive increase in water, 
wh ich s ign ificantly raises production costs because 
of i ncreased pu mping and dewatering measu res . 
Keyword (s) : coal m in ing ,  mon itoring methods, 
seismic, su rface water, inflow 
Location (s) : Canada 
Atch ison , T .  C.,  Cha i rma n .  Coa l M in ing ,  I nc lud ing 
G round Control and Gas O utbu rsts . IN :  Discussion 
C3 , Rock Mechan ics for Resou rce Development, 
M in i ng  and Civi l  Eng ineering ,  Proceed ings 5th 
Congress of I nternationa l  Society for Rock 
Mechan ics, Melbourne, Austra l ia ,  1 9 83 .  A.A.  
Ba l kema,  Rotterdam ,  p .  G 2 1 9-G 2 2 2 .  
This paper conta ins  questions a n d  answers 
from auth ors of papers in th is section . 
Keyword {s) : coa l m in ing ,  ground contro l ,  rock 
mechan ics ,  prediction ,  longwal l  
Atkinson,  J .  H . ,  D .  M .  Potts . Subsidence Above 
Sha l low Circu lar  Tunne ls in  Soft G round .  
Department of  Engineering ,  Un iversity of 
Cambridge, Eng land,  Report CUED/C-SOI LS/T . R .  
2 7 ,  1 976 .  
Keyword {s) : eng ineering ,  tun ne l l i ng ,  soi ls 
Attewell ,  P .  B .  G round Movements Caused by 
Tu nnel l i ng  in Soi l .  I N :  La rge G round Movements and  
Structu res, Proceedings I nternationa l  Con ference, 
Un iversity of Wales I nstitute of  Science and 
Tech nology, Card i ff, 1 977 ,  J . D .  Geddes, ed . ,  Joh n 
Wi ley & Sons, New York, 1 978 ,  p .  8 1 2-948 . 
This paper br iefly reviews some theoretica l ,  
laboratory, and in situ methods of predicting ,  
measur ing,  and ana lyzing  the  ground movements 
caused by tunne l l ing i n  soi l . The character of  the 
ground losses at the tunnel with respect to the type 
of soi l  is investigated , together with the manner in 
wh ich these losses are transferred to the ground  
su rface . Practical examples o f  deformation 
distribution , as derived from fie ld measurement 
programs, are g iven . The paper incorporates 
col lations of case h istory data with particu lar  
attention being  pa id  to surface settlement 
parameters . A conc lud ing section is  devoted to a 
brie f appra isal of the type of structu ra l damage that 
might be caused by tunnel l i ng  settlements . 
Keyword (s) : surface structu ra l damage, 
tun ne l l ing,  soi ls ,  mon itori ng  methods, lab testing ,  in  
s itu testing ,  model ing 
Location (s) :  Un ited Kingdom 
Attewel l ,  P .  B .  Large G round Movements and  
Structu ral Damage Caused by  Tun ne l l ing Below the 
Water Table in a S i lty Al luvia l  Clay.  I N :  Large 
G round Movements and Structu res, Proceedings 
I nternationa l  Con ference, Un iversity of  Wales 
I nstitute of Science and Technology, Cardi ff, 1 977 ,  
J .D .  Geddes, ed . ,  John Wi ley & Sons ,  New York, 
1 978,  p. 307-356 . 
G round movements were measured both inside 
and outside of a factory under which a tunnel was 
being constructed below the water table in a s i lty 
a l luvia l  clay. 
Keyword {s) : su rface structu ral damage, 
tu nne l l ing,  soi ls ,  mon itoring methods 
Location (s) : Un ited Kin gdom 
Attewel l ,  P.  B .  Settlement Development Caused by 
Tunnel l i ng  in Soi l .  G round Eng ineering ,  v. 1 8 , n o .  8, 
November, 1 985,  p. 1 7-20.  
Keyword (s) :  tun ne l l ing,  soi ls 
Attewell ,  P.  B . ,  J.  Yeates, A .  R. Se lby.  Soi l  
Movements Induced by Tu nne l l ing and Their  E ffects 
on P ipe l ines and Structures . Blackie, G lasgow, 
1 986 .  
Keyword (s ) :  tu nne l l ing,  p ipel i nes, soi ls,  su rface 
structural damage 
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Auchmuty, R .  L .  S u bsidence and G round Movement 
in a Limestone Mine  Caused by Lon gwal l  M in ing  i n  
a Coal Bed Below. Transactions, AI M E, Coal 
Divis ion,  v .  94, 1 93 1 ,  p .  27-50.  
A cement company in  I l l ino is successfu l ly 
stopped a coa l company from min ing  underneath its 
p roperty. The cement company was min ing l ime­
stone and sha le about 1 25 feet under the surface, 
by the room-and-pi l lar  method . The coal company 
was m in i ng  by longwa l l  advance methods in a seam 
about  450 feet below the l imestone bed . Su rvey 
data were col lected for over 3 years and used as 
evidence in the su it .  
Keyword (s ) :  longwa l l ,  law, non-meta l m in ing ,  
room-and-p i l lar, mu ltip le-seam extraction , uti l it ies, 
coal m in i ng  
Location (s) : I l l i nois,  I l l i nois Coa l Basin ,  Un ited 
States 
Aughenbaugh ,  N .  B. The Time Factor on 
S u bsidence . I N :  Proceedings,  1 st Con ference on 
G round  Control Problems in  the I l l inois Coa l Bas in ,  
Aug.  22-24, 1 97 9 ,  Southern I l l i no is Un ivers ity, 
Carbonda le,  1 980, p. 2 60-267 .  
I n  recent years, subsidence due to u nderground 
coa l  m in i ng  has been receiving much attention 
mostly because residentia l  and commercia l  
developments p laced over o ld,  abandoned mines 
h ave susta ined damage due to d i fferentia l  
sett lement.  With renewed activity in coa l  m in ing  
and  the contin ued development of  the  surface to 
u rban-type use, con fl icts continue  to arise between 
development of coal reserves and su rface land use . 
Very l i tt le i n formation is avai lable about the t ime 
factor on subsidence . The data th at have been 
publ ished relate on ly to longwal l  m in i ng .  This paper 
discusses on ly the t ime factor on room-and-p i l lar  
m in i ng  of  coa l .  
Keyword (s } :  t ime factor, room-and-pi l lar, 
g rou nd control ,  coal m in ing ,  model ing,  land-use 
p lan n ing ,  active mines, abandoned mines 
Location (s ) :  I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Aughen bau g h ,  N .  B . ,  C. D. E l i frits . S u bsidence and 
Time .  S M E-AI M E  preprint no .  83-388,  S M E-AI M E  
Fa l l  Meetin g  and Exh ibit, Salt Lake City, UT, 
October 1 9-2 1 ,  1 983, 9 p .  
S u bsidence due to  abandoned coa l mines h as 
received cop ious attention recently . This is a result  
of  many factors such as the enactment of  new 
min i ng  l aws and  the effect su bsidence has on land 
use over the mines .  Pred iction of  subsidence 
featu res and the t ime aspects over su percritical 
extraction ( i . e . ,  longwa l l  and h igh  extraction ratio 
p i l lar ing)  is relatively accu rate . However, pred ictin g  
when su bs idence wi l l  occur  and t h e  su rface 
features 1 s ize and shape above subcritica l  ex- . 
traction of room-and-pi l lar  m in ing  is not yet pos­
sible .  This paper discusses the factors that 
i n fl uence the time aspects of su bsidence in  room­
and-pi l lar  min i ng .  
Keyword (s) :  time factor, room-and-pi l lar, 
abandoned mines, prediction , law, overburden ,  coal  
m in ing ,  p i l lar  extraction 
Location (s) : Un ited States 
Australasian I nstitute of M in ing  and Meta l l u rgy . 
Proceedings of  the Ju bi lee Symposiu m  on M ine  
F i l l i ng ,  Mount I sa ,  Austra l ia ,  Aug . 1 9-22,  1 973,  
282 p .  
Th is  sympos ium deta i ls research on fi l l  
properties and fi l l i ng tech n iques .  
Keyword (s) : backfi l l i ng  
Location (s) : Austra l ia  
Awasth i ,  R . ,  L. R .  Powel l ,  E .  C .  Dru m m .  
Measurement of Structural  Deformation a n d  Ti lt 
During  Subsidence. I N :  Proceed ings 1 0th 
I nternational  Con ference on G round  Control i n  
M in i ng ,  J u ne 1 0- 1 2 ,  1 99 1 ,  S .S .  Peng,  ed . ,  West 
Virg in ia Un iversity, Morgantown , p. 233-242 . 
The appl ication of a hori zonta l  inc l inometer and  
a ti ltmeter to  measu re ti lt, curvatu re, and defor­
mations of shal low footings du ri ng  mine  subsidence 
is described . The measurements were taken d u ri ng  
min ing  of  a longwal l  panel in  Southern I l l i nois and 
were su pplemented with precision level su rvey 
data . Six d i fferent footings were constructed and 
instrumented at two sites; one above the pane l  
centerl ine,  and the second inside the edge of the  
pane l  in the anticipated zone o f  maximum tension . 
Keyword (s) : active mines, coa l m in ing ,  long­
wal l ,  vertical displacement, hor izonta l d isplacement, 
fou ndations, surface structu ral damage, mon itori ng  
methods, mon itor ing equ ipment, mon itoring  
insta l lation ,  su rvey methods 
Location (s) : I l l i nois, I l l inois Coa l Basin , Un ited 
States 
Aya la ,  C. F. J . ,  H. R. La in ,  H. L .  La in ,  V. E .  
Perianes . Subsidence Control (Determ ination o f  
Movements a t  the S urface; Consequences of  the 
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S ubsidence at the S u rface . )  I N :  l ntroduccion a las 
Usos l ndustriales y Urbanos del  Espacio 
S u bterraneo y Su Tecnologia ( I ntroduction to the 
I ndustrial and Urban Uses of  the Underground 
S pace, and The i r  Tech nology . ) ,  l nstituto Geologico 
y M inero de Espana ,  Madrid, 1 986,  Ch . 3 .7 ,  p .  
1 9 1 - 1 94 (Engl ish version ) .  
Keyword (s) :  g round  contro l ,  su rface subsidence 
damage 
Ayala ,  C. F. J . ,  H. R. La in , H. L .  La in ,  V .  E .  
Perianes .  l n trodu ccion a las Usos lndustriales y 
Urbanos del Espacio S u bterraneo y Su  Tecnolog ia 
( I ntroduction to the I ndustria l  and Urban Uses of 
the Underground Space, and Their  Technology . )  
l nstituo G eologico y Minero de Espana,  Madrid ,  
1 986,  3 5 1 p .  
Keyword (s) : land-use plann ing ,  h istorica l ,  
tun n el l i ng ,  non-meta l m in i ng ,  abandoned mines,  
ut i l ities, ra i l roads, roads, a rch itecture, su bsu rface 
water, model ing ,  roof  stabi l ity, p i l lar  strength , 
phenomenological  model,  e lastic model ,  roof  
bolti ng ,  rock mechan ics 
Ayns ley, W. J . ,  G .  Hewitt . Su bsidence 
O bservat ions Over Sha l low Workings,  I nc lud ing 
Pneu matic Stowing  and Rapid ly-Advancing Faces . 
The M in i ng  Eng ineer, London,  v. 1 20, no .  7 ,  Apr i l ,  
1 96 1 ,  p .  5 52-569 . 
Th is paper d iscusses the effects of d i fferent 
backfi l l i ng  systems on su rface subsidence and 
resu ltin g  su rface damage i n  sha l low workings; i t  
compares su bsidence recorded where both a fu l l  
and  partia l  area o f  in fl uence have been worked . The 
a uthors a lso compare rap id ly advancing faces 
versus  conventiona l  mach ine mine workin gs .  The 
slope of the subsidence profi le is shown as a 
measu re of  stra in . 
Keyword (s) :  pneu matic backfi l l i ng ,  stowing ,  
m ine  design 
Location (s) : Eng land 
Aynsley, W .  J . ,  G .  Hewitt . S u bsidence 
O bservations Over Sha l low Workings .  Col l iery 
G u a rd ian ,  v .  202, May 1 8 , 1 96 1 ,  p .  577-583 . 
Keyword (s) : backfi l l i ng  
• 
Babcock, C .  0 . , V .  E .  Hooker.  Resu lts of Research 
to Develop G u idel ines for M in ing  Near Surface and 
Underground Bodies of  Water .  U .S .  Bu reau of  M ines 
IC 874 1 , 1 977,  1 7 p .  
This pub l ication presents gu ide l ines for m in i ng  
near  surface and underground bodies of  water .  The 
gu idel ines were based on in formation developed 
under contract in  th ree phases of  study, as fol lows : 
{ 1 )  col lection and docu mentation of  data from 
worldwide sources; (2 )  appl ication of exist ing 
gu idel ines ( foreign ,  federa l ,  and state) to case 
h istories of previous i nundations; and (3 ) deve l ­
opment o f  recommended g u ide l ines for u n dergroun d  
coal m in ing  near bodies of  water a imed a t  max­
imum efficient use of underground coa l resou rces 
consistent with m in im izing i nundation h a zards . 
Tables are g iven for the determination of  the s ize of  
coal p i l lars needed . 
Keyword (s) : surface water, subsurface water, 
hydrology, mine operation ,  coal m in i ng ,  mine 
design ,  eng ineering ,  longwal l ,  h igh -extraction 
retreat, partial extraction , i n flow 
Location (s) :  Un ited States 
Babcock, S .  D. Undermin ing  as an Element in Land  
Use Plann ing . M .S .  Thesis, Southern I l l ino is 
Un iversity, Edwardsvi l le,  I L, 1 973,  84 p.  
Undermin ing ,  the resu lt of  underground minera l 
extraction , is one l im it ing physical characteristic o f  
both u rban a n d  ru ra l  development. S u bsidence of  
the  surface, resu lt ing from the fa i l u re of  the 
underground void created by m in ing ,  is often the 
consequence of underm in i ng .  
Keyword (s) :  coa l m in ing ,  metal m in ing ,  non ­
metal m in ing ,  abandoned mines,  l and-use p lann i ng ,  
foundations, surface structural damage, eng ineeri ng  
Location (s ) : I l l i nois,  I l l i nois Coal Basin ,  Un ited 
States 
Baden horst, G .  P. Legal  Aspects on the 
Undermin ing  of  Structures and the Use of 
Undermined G rou n d .  I N :  Proceed ings,  SANGORM 
Sympos ium,  October 2 1 ,  1 98 6, I nternation a l  
Society for Rock Mechan ics, South African Nationa l  
G roup,  Sandton ,  South Africa , p .  1 -6 .  
I n _  a lmost a l l  the cases where m inerals are 
mined,  a dua l  relationsh ip ,  in lega l  terms, is to be 
fou n d .  F i rst, there is a relationsh ip  between the 
owner of the land and the holder of  the m ineral 
r ights ,  regu lated main ly by princ iples of  private law. 
Second,  the State exercises control over the m in ing  
of  minera ls to  a greater or · 1esser extent, depend ing  
on the nature of  the  minerals, and its relationsh ip  
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with the m inera l  r ight ho lder is regu lated by pu bl ic 
law . 
Keyword (s) : surface structu ral damage, law, 
government, h istorica l ,  meta l m in ing ,  eng ineerin g  
Location (s) :  South Africa, Austra l ia ,  Ca l i forn ia 
Baeckstrom, L. , L .  Carlsson, A.  Carlstedt, A.  
Hornsten . I n fluence on the Groundwater Condit ions 
i n  a M u lti layered Aqu i fer System by Alum-S hale 
M i n in g .  I N :  Symposiu m  on Water in  Min ing and 
Underg rou nd Works, S IAMOS--78 ,  G ranada,  S pa in ,  
1 978 ,  p .  1 7-26 .  
Keyword (s) : subsu rface water, non -metal 
m in i ng ,  hydrology 
Bahuguna ,  P. P . ,  B .  S ingh ,  A .  M. C .  Srivastava . An 
Empirical  Method for Calcu lation of Maximum 
S u bsidence . IN :  Rock Mechan ics as a 
M u lt idiscip l i nary Science, Proceedings 32nd U . S .  
Sympos ium,  T h e  Un iversity of Oklahoma,  Norman,  
J u ly 1 0- 1 2 , 1 992 ,  J . -C . Roegiers, ed . ,  A .A.  
Ba lkema,  Rotterdam, p .  80 1 -809 . 
Most of  the empir ical methods are based on the 
pr ior knowledge of  q uantity Smax, the maximum 
poss ible su bsidence or  S ,  the  maximum subsidence 
that normal ly occu rs at or n ear the center of  the 
m ined-out area . The su bsidence profi le and other 
associated parameters a long any l ine in the 
su bsidence trough are predicted,  in  most cases, as 
a fu nction of  either of  these quantities (Smax or S )  
and t h e  d istance of  the point a t  which subsidence 
is to be calcu lated either from a point vertica l ly 
above the center of  the excavation or from the 
point of  ha l f  su bsidence that is near the ribside .  
Th is  paper  describes a method of calcu lati ng  the 
va lue  of  S max due to critical or su per-critica l area, 
the va lue  of  S ,  occu rring  at or near the center of a 
su b-critica l  area . The method uses an empirica l 
formu la developed for I nd ian coa l mines .  
Keyword (s ) :  empi rical model, vertical 
d isplacement, coa l m in ing ,  overburden , geologic 
features, room-and-pi l lar, longwal l  
Location (s ) :  I nd ia 
Ba i ,  M . ,  D .  E lsworth . Pred iction of  the Fractu re 
Zone  Over M ine  Workin gs--An Analytical Model . I N :  
Key Questions i n  Rock Mechan ics, Proceedings of 
the 29th U . S . Symposiu m ,  M inneapol is,  MN, June 
1 3- 1 5, 1 988 ,  P .A.  Cunda l l ,  R . L . Sterl ing ,  and A . M .  
Starfie ld,  eds . ,  Ba lkema,  Rotterdam,  p .  5 1 9-527 . 
A method is presented for eva luat ing stresses 
and d isp lacements in m u ltiply layered media based 
on the Fourier complex variation princip le . Basic 
solut ions are spec i fica l ly presented for a th ree layer 
model of seam extraction from which surface 
slopes, cu rvatures, and body stra ins  may be 
recovered . Subject to the i n it ia l  assu mptions of 
l inear elastic ity, zones of potential  fracture are 
predicted based on empirical  stra i n  based fa i l u re 
criteria . 
Keyword (s} : model ing ,  overburden , prediction , 
geologic featu res 
Ba i ,  M . ,  D. Elsworth , L. W. Saperste in . Prediction 
of Surface Movement with Emphasis on Horizonta l 
Deformation Due to Min ing . I N :  Rock Mechan ics as 
a G u ide for Efficient Uti l ization of Natural 
Resources , Proceedings 30th U . S .  Symposiu m ,  
1 98 9 ,  A.W.  Khair, ed . ,  Ba lkema, Rotterdam ,  p .  
73 1 -73 8 .  
I n  predicting t h e  integrity of u ndermined 
structu res, su rface horizontal d isplacements and  
cu rvatu res are frequently of  greater importance 
than the more homogeneous vertical d isp lacements . 
Accu rate eva luation of min ing  induced subsidence 
and horizonta l  d isplacement fu rther requ ires that 
the predictive model adequately represents the 
subsurface geology, min ing geometry, and 
extraction sequencing .  The paper documents an 
extension of the S PAS I D  method of eva luation of 
horizontal stra ins .  Comparisons are made between 
pred ictions from S PAS I D  and two other empi rica l  
methods against measured data from a case study.  
The system identification method is i l l ustrated to 
predict horizontal d isplacements and stra ins  most 
consistently with the in s itu data . 
Keyword (s} :  pred iction , horizonta l d isplacement, 
surface structural damage, vertical d isplacement, 
prediction,  geologic features, model i ng ,  empirica l  
model ,  coal  min ing,  profi le fu nction,  inf luence 
fu nction ,  longwal l  
Location(s} : I l l i nois, I l l ino is Coa l  Basin ,  Un ited 
States 
Ba i ,  M . ,  D. Elsworth . Some Aspects of M in i ng  
Under Aqu ifers in Ch ina . M in ing  Science and  
Technology, v .  1 0, no .  1 ,  January, 1 990, p .  8 1 -9 1 . 
A number of case studies of m in ing- induced 
permeabi l ity enhancement are documented . The 
extent of strata fa i l u re around active u ndergrou nd 
mines is  determ ined through  use of a borehole 
d ischarge test . The test del im its zones and the 
severity of extraction induced fractu rin g .  From 
these data,  empirical re lationships are developed to 
determine the vertical and horizonta l  extents of the 
caving and fracture zones induced by m in i ng .  These 
relationsh ips are developed for a variety of strata 
types and strengths and give quantitative 
1 8  
recommendations appl icable to s imi lar m in ing  
condit ions e lsewhere . 
Keyword (s} : overburden , coa l m in ing ,  
hydrology, longwal l  
Location (s} : Ch ina  
Bai ley, C .  H .  The Reports of  the Royal Commission 
on M in i ng  S u bsidence . Col l iery G uard ian,  v .  1 36, 
1 92 8 ,  p.  43 1 -433,  530-552 . 
Keyword (s} : m ine  design ,  construction,  
eng ineeri ng ,  law 
Location (s} : Eng land 
Bakker, D.  The Undermin ing  of Su rface Structures . 
I N :  COMA :  Proceedings of Symposium on 
Construction Over Mined Areas,  Pretoria, May 
1 99 2 .  South African I nstitution of Civi l  Eng ineers, 
Repu bl ic  of South Africa, p. 249-260 . 
At present u n iform ru les are appl ied , based on 
percentage extraction , to protect surface structu res 
when m in i ng  operations a re taking place underneath 
them . G u ide l ines are proposed for appl ication in  the 
Centra l Witwatersrand and Bushveld Igneous Com­
plex Regions which are based on geotechn ical  deta i l  
i n  these reg ions .  Safe min ing spans and p i l l a r  
design criteria form the essence of  the proposal s .  
Keyword (s} : surface structura l  damage, 
geotechn ica l ,  mine design ,  law, ang le of draw, pi l lar 
strength 
Location (s} :  South Africa 
Bakker, D. The Underm in ing  of S urface Structures 
and  Construction/Erection Over Undermined 
G rou n d :  Coal Mines .  I N :  CO MA:  Proceedings of 
Symposiu m on Construction Over M ined Areas, 
Pretor ia,  May 1 99 2 .  South African I nstitution of 
Civi l  Eng ineers, Republ ic of South Africa , p .  
2 62-270.  
The u n dermin ing  of  surface structu res and the 
construction of  structu res on u n dermined land by 
m in ing  is restricted by the terms of the Minerals 
Act. The restrictions for various m in ing  methods in 
the coalfields as appl ied by the Department of 
M ineral and Energy Affa i rs is described . 
Keyword {s} :  coa l m in ing ,  surface structural 
damage, construction , law, room-and-pi l lar, p i l lar  
strength , longwal l ,  ut i l it ies, p i l lar  extraction , 
prediction , roads 
Location (s} :  South Africa 
Ba l ia ,  R . ,  P. P. Manca,  G .  Massacci , M .  Cong iu ,  E .  
F ioravanti ,  S .  La i ,  D .  Lipar i ,  R .  Sarritz u .  Progressive 
Hang ingwa l l  Caving  and Subsidence Pred iction at 
the San  G iovan n ie. M ine, Ita ly.  I N :  Proceedings 9th 
I nternationa l  Conference on Ground Control in . 
M in ing ,  June  4-6, 1 990, S .S .  Peng,  ed . ,  West 
Virg in ia  Un iversity, Morgantown , p. 303-3 1 1 .  
The u pper part of the "Contatto Ovest" 
orebody, at the San G iovann i  Pb-Zn su lph u r  m ine  
(Sard in ia ,  I ta ly) ,  is  mined by a sublevel cavin g  
method . With increasing depth , a progressive 
caving of the h ang ing wal l  and d isconti n uous 
subsidence occu rs .  
Keyword (s) :  meta l m in ing ,  pred iction ,  model i ng  
Location (s) : I ta ly 
Sa is,  R .  Beitrag z u r  Frage der Vorausberec h n u n g  
Bergbau l icher Senkungen . (Contribution to t h e  
Problem of Precalcu lating M i n i n g  S u bsidence . )  
Mitte i lungen a u s  dem Markscheidewesen ,  v .  42/43, 
1 93 1 -32,  p .  98- 1 1 1  ( in  German ) .  
Keyword (s ) : pred iction,  model ing ,  empirica l  
model ,  inf luence fu nction 
Bamberger, K.  F . ,  E. Bauer, D. Hartmann ,  F .  
Hol lman,  H .  0 .  Luetgendorf, K .  Pflaeg ing ,  G .  
Schoene-Warnefeld ,  R .  Teschers . Early Detection of 
Min ing  Damages . Bundesmin isteri um fuer 
Forsch ung  und Technologie, Bon n-Bad Godesborg, 
Federal Repu bl ic  of Germany, August, 1 980, ( in  
German )  259  p .  (NTIS BMFT-F B-T-80-039 )  
At present, 1 7  d ifferent German a n d  1 0  fore ign 
methods are ava i lable for the advanced calcu lation 
of min ing  subsidences. The stress behavior of 
p ipel ines as well as the behavior of construction 
soi ls under the influence of m in ing  operat ions h ave 
not been investigated as yet . I n  view of the stron g  
surface impact o f  i ntensified coa l  extraction , losses 
in  coa l deposits are to be avoided by optim ized 
advanced calcu lation for the Ruh r  and Saar  
coalfie lds, a long with an improved protection of 
p ipel i nes and bu i ld ings .  Existing  processes are to be 
improved by mathematica l methods as well  as 
checked by measu rements and,  partly, by 
geodetical methods . The theoretica l ly ca lcu lated 
subsidence syncl ine can be adjusted to the 
subsidence sync l ine measured by aerophoto­
grammetry by means of su itable fu nctions of 
su perposition (Ruhr  district) . Pred ictions on ground  
movements are possible (Saar district) us ing  the 
proper geological and operationa l  parameters . The 
stresses on stra ight and deflected pipes with a l l  
relevant parameters can  be  determined . F ields of 
movement and not p lanes of break develop in the 
bu i ld ing ground .  Resu lts have to be quantified 
further.  These are genera l ly va l id  processes, which 
may be pu rposefu l ly appl ied in  any coalfield with 
intensive surface bu i ld ing activities {e .g . ,  also i n  
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France,  G reat Brita i n ,  Poland ,  and the USS R) ,  to 
avoid losses in deposits . 
Keyword{s ) : surface su bsidence damage, coa l 
m in i ng ,  pred iction , p ipel ines, su rface structural 
damage,  active m ines 
Location (s) :  Germany, France, Un ited Kingdom, 
Poland,  Soviet Union 
Bao-Szen,  L .  Appl ication of Theory of Stochastic 
Media to Determination of Profi le of Su bsidence 
Trough on G round Su rface Due to Exploitation of 
I nc l ined Deposit. Bu l letin Academie Polonaise des 
Sciences, Serie des Sciences Techn iq ues, v. 9, n o .  
9 ,  1 96 1 ,  p .  54 1 -546 . 
Keyword (s) : prediction ,  model i ng ,  empirical 
model ,  stochastic model 
Barczak, T .  M. The H istory and Futu re of Longwal l  
M in ing  in  the Un ited States . U .S .  Bureau of  M ines 
IC  93 1 6 , 1 992 ,  2 6  p .  
Th is  report chron icles the h i storical  
development of longwal l  m in ing in  the Un ited 
States and  specu lates on futu re developments to 
the turn of the century .  The involvement and 
contributions made by the US BM during these 
developments are a lso discussed . 
Keyword (s) :  longwal l ,  coa l m in ing ,  roof support 
Location (s ) :  Un ited States 
Barker, 0 .  B. A Phased Approach to the Optimal  
Uti l isation of Undermined G round i n  the Central 
Rand - Wits Basi n .  I N :  CO MA:  Proceedings of 
Sympos ium on Construction Over Mined Areas, 
Pretoria , May 1 99 2 .  South African Institution of 
Civi l  Eng ineers, Republ ic of South Africa, p .  
20 1 -220 .  
Regu lat ions contro l l ing the  surface use  of 
u ndermined ground have created a strip of derel ict 
land run n ing  east and west of central 
Johannesburg .  The basis of the argu ment is that 
marg ina l ly economic m in ing  operations h ave been 
ho ld ing up the development of prime industria l  lan d .  
Th is paper presents an approach t o  t h e  resolution 
of the problem . Recogn iz ing the su rface and 
subsurface eng ineering  geological and rock 
mechan ics problems, it provides a method of 
approach to resolve them and to reinstate the land 
in  a progress ive manner wh ich reflects the growth 
in va lue of the surface . 
Keyword (s) : land-use plann ing ,  land va lues, 
eng ineering ,  geologic features, law, metal m in ing ,  
rock mech an ics, soi ls 
Location (s) : South Africa 
Baria ,  G . , P. Jarre . Subsidence Over an Abandoned 
Dissolving  Sa lt Mine.  I N :  Rock Mechan ics as a 
Mu ltidiscip l inary Science,  Proceedings 32nd U . S .  
Sympos ium,  The Un ivers ity of Oklahoma,  Norm a n ,  
J u l y  1 0- 1 2 , 1 992 ,  J . -C . Roeg iers ,  ed . ,  A .A .  
Balkema, Rotterdam,  p .  87 1 -880.  
The viscoelastic closure of  the underground  
cavities and  the  dissolution of  the  mine  structu res 
through fresh water flood ing  caused subsidence 
above the deep kain ite San Cata ldo m ine, S ic i ly 
( Ita ly} , opened in the early 1 960s . The present 
paper describes the instruments insta l led and 
measurements taken to  observe the phenomen a .  
The systems used inc lude automatic deep wire 
extensometers in the rock mass above the m ine,  
measurements by surveying methods on the area 
above the cavities and in  the neigh borhood, 
inc l inometers in  the slope above the m ine,  
piezometer sensors in  the mine; m icroseismic 
mon itoring,  and remote sensin g .  A s imple model  
has been taken to interpret a l l  the variou s  data 
col lected and to compute the time for the fresh 
water to f i l l  a l l  the underground cavities . 
Keyword (s) : non-meta l m in ing ,  i nstru mentation , 
mon itor ing methods, mon itori ng  equ ipment, remote 
sens ing,  model ing 
Location (s} : Italy 
Baria, G. B . ,  S. Boshkov. I nvestigations of 
Differential Strata Movements and Water Table 
F luctuations During Longwa l l  Operations at the 
Somerset Mine No.  60.  Department of Energy 
contract ET-76-C-0 1 -904 1 , Colu m bia Un ivers ity, 
1 978 ,  49 p. ( NTIS FE-904 1 - 1 ) 
This paper gives the resu lts of research done 
near Wash ington ,  PA. The research involved the 
instrumentation and mon itori ng  of water table 
f luctuations and d ifferential  strata movements over 
a longwal l  m ine .  
Keyword (s) :  su bsu rface water, mon itor ing 
design ,  mon itoring insta l lation,  mon itorin g  
equ ipment, coal m in ing ,  longwal l  
Location (s) :  Pen nsylvan ia,  Appalach ian Coal  
Reg ion,  Un ited States 
Barn ard, S .  Key Admin istrative Aspects of 
Subsidence Abatement Projects . I N :  Proceedings,  
Conference on Coal  Mine Su bsidence in  the Rocky 
Mou nta in  Reg ion , Colorado Springs, October 2 8-30, 
1 9 85 ,  J . L. Hynes, ed . ,  Colorado Geological  S u rvey 
Special Publ ication 3 1 ,  Department of Natural  
Resou rces, Denver, 1 986 ,  p.  27 1 -280.  
20 
The Wyoming  Abandoned Mined Lands program 
is structured such that the i nvestigation , design ,  
and construction management is done  by  consu lt ing 
eng ineers .  During the admin istration of these 
projects, it became apparent that not on ly is the 
design of vita l i mportance, but many "non­
eng ineering 11 items a lso p lay a key role in the 
overa l l  success of the projects . 
Keyword (s) : abandoned mines, rec lamation ,  
hydrau l ic  backfi l l i ng ,  g routing ,  eng ineering ,  
h i storica l ,  land-use p lann ing ,  land values, coal 
m in i ng ,  su bsidence research 
Location (s ) :  Wyoming,  Rocky Mou nta in  Coal 
Region , Un ited States 
Barnes, D. S u bsidence Awareness and Plan n ing  in 
the C ity of Colorado Springs . I N :  Proceed ings,  
Conference on Coal Mine Subsidence in  the Rocky 
Mou nta in  Reg ion,  Colorado Springs,  October 28-30, 
1 985 ,  J . L. Hynes, ed . ,  Colorado Geological S u rvey 
S pecia l  Publ ication 3 1 , Department of Natu ra l  
Resources, Denver, 1 986,  p .  267-270.  
The author discusses land-use p lann ing  and 
development in  the  Colorado Springs area related to 
m ine  subsidence and the City ' s  Plann ing  
Department G eology Section report, "G u ide for 
Futu re Land  Use . 11 
Keyword (s) : abandoned m ines, land-use 
p lann i ng ,  surface structural damage, soi ls, 
reclamation,  land va lues, uti l ities, coa l m in ing  
Location (s) : Colorado, Rocky Mounta in  Coal 
Reg ion,  Un ited States 
Barr, B . l .G . , R .  Delpak .  Prediction of Ground 
Movement in  Areas of M in ing  S u bsidence . H ighway 
Eng ineering ,  v. 2 1 , June,  1 974, p. 1 8-22,  3 6 .  
This paper deals with t h e  estimation o f  surface 
stra ins  and deflections caused as a resu lt of 
longwal l  methods . The S ims-Bridle method of 
pred iction is discussed, and d isplacement­
ca lcu lation procedu res are deta i led . 
Keyword (s ) :  horizonta l d isp lacement, pred iction,  
p red iction theories, computer, longwal l  
Location (s ) :  Eng land 
Barraclough ,  L .  J .  Roof Breaks in Longwal l  
Workings . Col l iery G uard ian ,  v .  1 45 ,  1 932,  p .  
5 72-577,  662-664, 845 . 
Properties of roof materials from longwal l  m ines 
i n  Wales were studied in  the laboratory . 
Keyword (s) :  backfi l l i ng ,  roof stabi l ity, longwal l ,  
l ab  testin g ,  coa l m in i ng  
Location (s) : Wales 
Barron,  K. An Analytical Approach to the Design of 
Coal P i l lars .  Canadian I nstitute of M in ing  Bu l letin ,  v .  
868,  no .  77 ,  1 984, � 37-44 . 
Keyword (s) :  coa l m in ing ,  p i l lar  strength , m ine  
design 
Barron,  K .  A New Method for Coal P i l lar  Desig n .  I N :  
Proceedings, Symposiu m  o n  G round Movement and  
Control Related to  Coal M in ing ,  l l lawarra , Austra l i a ,  
August, 1 986,  N . I .  Az iz ,  ed . ,  Austra las ian I n stitute 
of M in ing  and Meta l lu rgy, p .  1 1 8- 1 24.  
A fa i l u re criterion for  coa l  is  proposed i n  wh ich 
a distinction is  made between brittle and "pseu do­
ducti le11 fa i l u re .  This criterion is then u sed in the 
development of new equations for coa l p i l lar  
strength,  inc luding a trans ition from brittle fractu re 
to pseudo-ducti le yield ing . In add ition ,  equations are 
obta ined that a l low the critica l m in imum p i l lar  
d imensions to be calcu lated to avoid 
"catastroph ic" and "u ltimate fa i l u re . 11 The use of 
these formulae is then demonstrated by comparing  
the  resu lts with p i l l a r  case h istories derived from 
the l iterature .  
Keyword (s) :  p i l lar  strength , coa l m in i ng  
Barron ,  L .  R .  Longwal l  Stabi l ity Analysis o f  a Deep, 
Bu mp-Prone  Western Coal Mine - Case Study. I N :  
Proceedings, 9th I nternationa l  Conference on 
Grou nd Control in M in ing ,  1 990, Department of 
Min ing Eng ineering ,  West Virg in ia  Un iversity, 
Morgantown , p. 1 42- 1 49 . 
Keyword (s) :  longwa l l ,  bumps,  coal m in i ng  
Location (s) :  Rocky Mounta in Coa l  Region , 
Un ited States 
Barry, A. J . ,  J .  J .  Wojciechowski . Roof Movement 
Study of Mechan ized Retreating  Longwa l l  
Operation , Lancash i re No .  1 5  Mine, Bakerton , 
Cambria County, PA. U . S .  Bureau of M ines R I  
5028, January, 1 954. 
This report deta i ls an  instru mented study of 
roof behavior on a longwal l  operation . An 
investigation was conducted at a mechan ized 
longwal l  operation in  the Lancash i re No. 1 5  mine ,  
Barnes & Tucker Co . ,  Cambria County, Bakerton ,  
PA, to study the factors that affect roof contro l .  
The  objective was to  measure strata movement, 
correlate these movements with m in i ng  operations,  
and determine their effect on roof contro l .  
Keyword (s) :  coal m i n i n g ,  longwal l ,  active 
mines, roof stabi l ity, instru mentation 
Location (s ) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
2 1  
Barry, A .  J . ,  0 .  B .  Na i r .  I n -S itu Tests of Bearing 
Capacity of Roof and F loor in Selected Bitu minous 
Coal M ines .  A Progress Report--Longwall M in i ng . 
U .S .  Bu reau of M ines R I  7406, 1 970, 20 p .  
The auth ors d iscuss the  development and field 
testing  of a method for estimation of the bearing  
capacity of  m ine  roofs and floors . The relationsh ip  
between penetration of  the  strata and imposed 
loads is  determ ined by in situ tests to define 
bearin g  p late d imensions for hydrau l ic roof support 
jacks at longwal l  extraction faces . 
Keyword (s) : p i l l ar  strength , roof stabi l ity, floor 
stab i l ity, longwa l l ,  i n  s itu testing ,  roof support, coal 
m in i ng ,  b itu m inous 
Location (s) : Un ited States 
Barry, A. J .  G round Control with Longwal l  M in i ng .  
M in i ng  Congress Journa l� June,  1 970, p .  53-5 5 .  
T h e  author describes surface a n d  underg round 
i nstrumentation u sed by the US B
.
M at an I l l i nois 
mine to gather information to determine  the 
s ign if icance of var ious parameters involved in  fu l l  
caving  longwal l  m in in g .  
Keyword (s) : longwal l ,  ground control , m ine  
design ,  coa l  m in ing ,  instru mentation 
Location (s) :  I l l i nois,  I l l i nois  Coal Bas in ,  Un ited 
States 
Barton , T .  M . ,  C. Mark. Field Eva luation of Three 
Lon gwal l  P i l lar  Systems in a Kentucky Coal M ine .  
U .S .  Bureau of  M ines R I  9283,  1 989 ,  1 3  p .  
The USBM is conductin g  research to  assess the 
effectiveness of d ifferent cha in  pi l lar des igns in 
ma inta i n i ng  gate entry stabi l ity . A particu lar  
concern is g round control for  deep-cover longwal ls 
located at depths in  excess of 1 ,000 feet . The 
study was performed i n  two experimental sections 
i n  one longwal l  headgate section that contained 
th ree d ifferent p i l lar  designs .  Two of the des igns 
used conventiona l  abutment p i l lars; · the th i rd was a 
tota l-yie ld ing  p i l lar  system . Entry convergence, roof 
sag,  and  changes in roof qua l ity were mon itored . 
Keyword (s ) :  longwal l ,  active m ines, coal 
m in i ng ,  y ield ing supports, mon itori ng methods, 
m ine  design ,  p i l lar  strength , roof stabi l ity, floor 
stabi l ity 
Location (s ) :  Kentucky, Appa lachian Coal 
Region , Un ited States 
Basham,  K. D . ,  B. A. Su prenant, M .  G .  Karfakis, W .  
L .  Joh nson . Suggested G u idel ines and 
Recom mendations for  Residential Construction to 
M i n im ize  S u bsidence Related Damage .  I N :  
Proceedings,  Symposiu m  o n  Evolution of 
Abandoned Mine Land Technologies ,  R iverton ,  WY, 
June  1 4- 1 6, 1 989 ,  1 4  p. (supplement) . 
The development of criteria for construction 
requ irements to m in imize su bsidence-related 
damage in Wyoming are discussed . 
Keyword (s) : structu ra l m itigation,  construction,  
land-use plan n ing ,  abandoned m ines, surface 
structural damage, insu rance, ut i l it ies, economics, 
coal m in ing,  foundations 
Location (s) :  Wyoming,  Rocky Mou nta in  Coal  
Region,  Un ited States 
Batchelor, A. S. Correlation of Roadway 
Displacement With Stress Redistribution and Strata 
Movement Caused by Longwal l  M in i ng .  Ph . D .  
Thesis, Department of M in ing  Eng ineeri ng ,  
Un iversity of  Nottingham,  Eng land,  1 968 . 
Keyword (s) :  longwal l ,  overburden 
Bateman ,  A.  M . ,  H. G. Mou lton . G round Movement 
and Subsidence . I N :  Min ing Eng ineers Handbook, v .  
1 ,  Sec.  1 0, .  Art .  1 1 2, 1 94 1 , R .  Pea le, ed . ,  Joh n 
Wi ley & Sons, I nc . ,  New York. 
Th is article reviews theories of ground 
movement due to  m in ing ,  inc lud ing oppos ing  
opin ions concern ing the  extent and mechan ics of 
surface su bsidence . 
Keyword (s ) :  pred iction ,  surface subsidence 
damage 
Bauer, E .  R . ,  G. J.  Chekan ,  J.  L .  H i l l  I l l .  A Borehole 
Instru ment for Measuring Min ing- Induced Pressu re 
Changes in Underground Coa l Mines .  I N :  Research 
& Engineering Appl ications in  Rock Masses, 
Proceedings 26th U .S . Symposiu m  on Rock 
Mechan ics, South Dakota School  of M ines & 
Technology, Rapid City, June  2 6-28 ,  1 985 ,  E .  
Ashworth , ed . ,  Balkema,  Rotterdam,  p .  1 075- 1 084.  
Current ground control research at the USBM 
ind icates the need for a s imple and inexpensive 
instru ment for measuring m in ing-induced pressure 
changes in coal p i l lars and m ine  roofs . The Borehole 
Platened Flatjack (BPF) is an adaptation of existin g  
such instrumentation . 
Keyword (s) : instrumentation,  mon itoring  
equ ipment, p i l l a r  strength , roof stab i l ity, g rou nd 
control ,  coal m in ing 
Location (s) :  Un ited States 
Bauer, E. R . ,  G .  J .  Chekan ,  G .  P. Sames .  I nf luence 
of Subjacent Gob on Longwa l l  Development M in i ng  
in the Upper Kittann ing Coa lbed of  South -Central 
Pen nsylvan ia . U . S .  Bu reau of Mines RI 9403, 1 992 ,  
13  p .  
2 2  
T h e  US BM i s  investigat ing strata interactions 
associated with min ing of mu lt ip le coa lbeds to 
provide the m in ing  industry with improved methods 
of plann ing  and developi ng  mu ltip le coalbeds, 
conservin g  resources, and increas ing the safety of 
u n derground coa l m in i ng .  This study involves 
ana lytica l  predict ions and underground observations 
of longwal l  development ground  control problems at 
a south -central Pen nsylvan ia  coal  mine,  which was 
affected by su bsidence induced by mu ltip le-seam 
m in in g .  As predicted, strata interactions were fou nd 
i n  u pper mine  areas mined over lower mine gob . 
Keyword (s) :  longwa l l ,  m u ltip le-seam extraction,  
coa l  min ing,  g round  control ,  m ine  waste, mine 
safety, geologic features, p rediction , roof stab i l ity 
Location (s ) :  Pen nsylvan ia ,  Appalachian Coal 
Reg ion ,  Un ited States 
Bauer, R .  A . ,  P. J .  DeMaris . Geologic Condit ions of 
a Longwal l  M in ing  Demonstration at the Old Ben 
No .  24 M ine .  S M E-AI M E  Preprint No .  77- 1 -349, for 
presentation at the 1 977 S M E  Fa l l  Meeting and 
Exh ib it, St. Lou is,  MO,  October 1 9-2 1 ,  1 977,  1 2  p .  
A longwa l l  m in ing  demonstration i n  the Herrin 
{No .  6 )  Coal Member nea r  Benton , I L, involved the 
extraction of th ree adjacent panels by the longwal l  
method . The fi rst panel was completed in  May 
1 97 7 .  The ISGS was involved in  th is project for 
two reasons :  { 1 )  to detai l  the geology of the roof 
and relate the geologic featu res to the behavior of 
the roof du ri ng  m in ing operations, and (2 )  to study 
the nature and occu rrence of coal ba l ls  encountered 
d u ri ng  th is demonstration . 
Keyword (s) : longwal l ,  geologic features, coa l 
m in i ng ,  roof stabi l i ty 
Location(s) : I l l i nois,  I l l inois Coa l Basin ,  Un ited 
States 
Bauer, R. A. The Loss of Natural Moisture Content 
and its Effect on the Mechan ical Properties of Some 
Pen nsylvan ian Sha les from the I l l inois Bas in . I N :  
Proceedi ngs,  1 st Conference o n  G round Control 
Problems in the I l l i nois Coal Bas in ,  August 22-24, 
1 979 ,  Southern I l l ino is Un iversity, Carbondale, 
1 980, p.  89-94.  
Preservation of  the natural  moistu re content of 
sha le cores shou ld be a primary concern to 
compan ies that are engaged in exploration and 
want to know the physical properties of  rocks 
associated with coal seams.  Test ing should be 
conducted on cores that represent the natura l  
conditions of  the  rock in  order to  properly eva luate 
pre-m in ing  roof and floor condit ions of coal seams; 
therefore, the moisture content of these rock cores 
should resemble that of the rock mass bein g  tested . 
Keyword (s) : rock mechan ics ,  coal  m in i ng ,  
geotechn ical 
Location (s) :  I l l i nois,  I l l ino is Coal Basi n ,  Un ited 
States 
Bauer, R .  A . ,  S .  H u nt .  Profi le, Stra i n ,  and Time 
Characteristics of Subside'nce from Coal M in ing  in 
I l l i no is .  I N :  Proceed ings, Workshop on Su rface 
Subsidence Due to Underg round  M in ing ,  
Morgantown , WV, November 30-December 2 ,  
1 98 1 ,  S .  S .  Peng and M .  Harth i l l ,  eds . ,  West 
Virg in ia  University, 1 982 ,  p. 207-2 1 7 . 
This paper docu ments subsidence in I l l ino is ,  
discusses its characteristic parameters, and reports 
on an investigation to determ ine whether a t ime 
factor (based on the time interva l from 
abandon ment of the mine to occurrence of 
su bs idence) exists in I l l i no is .  The data u sed to 
characterize subsidence in I l l i nois were gathered 
from many sou rces . To character ize the su bsidence 
completely, these data were combined with m ine  
p lan  information and other sou rces at  the  ISGS.  
Keyword (s ) : t ime factor, coa l m in ing ,  
overbu rden , ang le of draw, rock mechan ics, 
geolog ic features, room-and-p i l lar, active m ines,  
abandoned mines 
Location (s) : I l l i no is,  I l l i nois Coal Bas in ,  Un ited 
States 
Bauer, R .  A . ,  P. J .  DeMari s .  Geologic I nvestigation 
of Roof and Floor Strata : Longwal l  Demonstration , 
Old Ben Mine No .  24.  I l l i nois State Geolog ica l  
Survey, Contract/G rant Report 1 982-2,  Champaig n ,  
I L, 4 9  p .  
I n-mine mapping of th ree longwal l  panels a t  the 
Old Ben No .  24 Mine has revealed both major and 
minor roof-stabi l ity problems and mu lt iple a reas of 
concentrated coal bal ls with in  the Herrin (No .  6 )  
Coa l Member.  The roof-stabi l ity problems are 
related to th ree interacting  factors : variations in  
roof l ithology, various structu ral featu res, and 
min ing  pla n .  Major roof-stabi l ity problems a re ra re 
at the longwa l l  face but more common in the 
longwa l l  support entries . Several major fa l ls have 
occu rred in  areas where potential  problems were 
identified previously du ring mappi n g .  Lesser roof­
stabi l ity problems are associated with "rol ls11 
conta in ing compaction fau lts and with a tecton ic 
fau lt zone runn ing perpendicu lar  to the face of the 
second panel . 
Keyword (s ) :  coal m in ing ,  longwa l l ,  roof 
stab i l ity, geolog ic features, lab testing  
2 3  
Location (s) : I l l i nois,  I l l inois Coal Basi n ,  Un ited 
States 
Bauer, R. A . ,  P. B. Du Monte l le .  Distu rbance of 
Overbu rden Bedrock by Coal  Mine Su bsidence in  
I l l i no is .  Geological  Society of  America An nua l  
Meeting ,  Abstracts with Programs, v .  1 5 , no .  6 ,  
1 983,  p .  523 . 
Keyword (s) : overbu rden,  su bsu rface subsidence 
damage,  coa l m in ing  
Location (s ) :  I l l i nois,  I l l i nois Coal Bas in ,  Un ited 
States 
Bauer, R. A. Damage That May be Mistaken for 
Coa l -Mine S u bsidence . ISGS Reprint 1 983-E,  1 983 . 
Repr inted from· Proceedings of I l l i nois Min ing  
I nstitute 90th Annua l  Meeting ,  Spr ingfield, I L, 
October 7-8,  1 98 2 ,  p .  66-72 .  
I n  I l l i nois we tend  to th ink  of su bsidence 
primari ly in association with the fa i l u re of coal 
m ines .  S u bsidence can ,  however, resu l t  from other 
conditions .  Consequently, if the geologic and 
envi ronmental  factors of an area are not properly 
eva luated, damage to a h ome can be falsely 
attr ibuted to coal -mine subsidence.  Correct 
identification of the cause of the damage is 
sometimes usefu l in choos ing a method to a l leviate 
the problem . 
Keyword (s) :  surface structura l damage, coa l 
m in i ng ,  soi ls,  fou ndations, subsurface water 
Location (s } : I l l i nois ,  I l l i nois Coal Bas in ,  Un ited 
States 
Bauer, R. A. Subsidence of Bedrock Above 
Abandoned Coal M ines in I l l i nois Produces Few 
Fractu res .  Presented at Society of Min ing Eng ineers 
of A I M E  Fa l l  Meeting ,  Denver, CO, October 24-26,  
1 984, S M E-AI M E  preprint 84-400, 1 984, 8 p .  
This paper documents the investigation of 
possib le fracturing  of bedrock with in su bsided a reas 
over abandoned m ines through  exploration dr i l l i ng 
and closed circu it television . 
Keyword (s) : abandoned mines,  coal m in ing ,  
longwal l ,  room-and-pi l lar, geologic featu res 
Location (s ) :  I l l i nois, I l l ino is Coal Bas i n ,  Un ited 
States 
Bauer, R. A. Longwal l  Coa l M in ing  in I l l i no is .  F ield 
Trip G u idebook for 25th U .S .  Symposium on Rock 
Mechan ics, June  2 7-28,  1 984, I l l inois State 
Geological  S u rvey, Champaign ,  I L, 57 p .  
Th is field tr ip gu idebook covers the modern 
longwa l l  coal m in ing  being  performed in I l l i nois in 
1 984 .  Old Ben Coal Company h ad th ree active 
underground coal mines in Fran kl in  Cou nty, a l l  or 
wh ich were operat ing in  the Herr in Coa l .  
Keyword (s) :  longwal l ,  coal m i n i n g ,  active 
mines, geologic featu res, rock mechan ics 
Location (s) : I l l inois,  I l l inois Coal Bas in ,  Un ited 
States 
Bauer, R. A. Appl ication of Time Domain 
Reflectometry to S u bsidence Mon itori n g .  I N :  
Proceedings 8th Annua l  Nationa l  Abandoned M ine  
Lands Conference, August 1 0- 1 5 , 1 986,  B i l l ings,  
MT, p .  47-53 . 
Time Domain Reflectometry (TOR)  is an  
electrical pu lse  testing  tech n ique  orig ina l ly 
developed to locate breaks i n  power transmission 
l ines .  I n  the past decade, th is techn ique  has been 
adapted to mon itor the movement of rock masses 
during m in ing . The long-term objectives of th is  
project were to eva luate the use of TDR as an 
inexpensive techn ique for  mon itori ng  subsidence 
over abandoned and active m ines . 
Keyword (s) : monitoring  design , mon itorin g  
equipment, monitor ing insta l lation , mon itoring  
methods, h igh-extraction retreat, coal  m in i ng ,  
active mines, i nstru mentation 
Location (s) : I l l i nois,  I l l i nois Coal Bas in ,  Un ited 
States 
Bauer, R. A . ,  E. M .  Gefe l l ,  D. W. Barkley. 
Characterization of Coa l M ine  S u bsidence and  
I mpacts on Bedrock and  Near S u rface Hydrology 
Over a Sha l low High-Extraction Retreat M in i ng  
Operation in  I l l ino is .  IN :  Proceed ings,  Nationa l  
Sympos ium on Min ing ,  Hydrology, Sedimentology, 
and Reclamation,  December 7- 1 1 ,  1 987 ,  
Sprin gfie ld,  I L, Office of  Eng ineering Services, 
Un iversity of Kentucky, Lexington ,  p. 1 97-202 . 
This study, conducted u nder the I l l i nois M ine  
Subsidence Research Program, investigated the 
effects of coal  mine subsidence on the overbu rden 
above a sha l low h igh-extraction retreat mine (250 
feet deep) in southern I l l i no is .  The s ite was 
instrumented to mon itor movements on the su rface, 
stra in in the overburden , and changes in  piezometric 
levels in the bedrock and overlying  drift . 
Keyword (s) :  active mines, coa l m in i ng ,  h igh ­
extraction retreat, hydrology, subsurface water, 
overbu rden , mon itoring methods, survey methods, 
su bsidence research 
Location (s) : I l l i nois, I l l inois Coa l Basi n ,  Un ited 
States 
Bauer, R. A. The Effects of Va l leys on the Strength 
of Rock Materia ls at Depth . I N :  Rock Mech9n ics :  
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Proceed ings of the 28th U . S .  Symposium,  Tucson ,  
AZ,  June  2 9-Ju ly 1 ,  1 987 ,  l .W .  Farmer, et  a l . ,  
eds . ,  Ba lkema,  Rotterdam, p .  345-349 . 
Most investigations of the effects va l leys h ave 
on rock properties h ave been performed where 
su rface excavations occu rred in  a va l ley. The 
impact val leys have at depth into the bedrock has 
been l imited to borehole measu rements of 
hydrologic conductivity, various models of stress 
d istri bution , and empirica l relationsh ips with roof 
instab i l ity of u n derground coa l mines .  This 
i nvestigation used core from borings extend ing 
below and adjacent to bedrock va l leys . Laboratory 
measurements of strength , s lake durabi l ity, and P­
wave velocities were compared between the cores . 
Test resu lts show that the strength of samples from · bedrock below val leys ranges from 1 0% to 2 6% 
less than  adjacent or sha l lower areas of the va l ley .  
Th is work a lso shows that the deeper parts of the 
va l leys h ave a greater effect on the bedrock 
strength . 
Keyword (s) : lab testing ,  geologic features, coa l 
m in i ng ,  roof stabi l ity, rock mechan ics 
Location (s ) :  I l l i nois, I l l inois Coal Bas in ,  Un ited 
States 
Bauer, R. A . ,  P. B. Du Monte l le .  I l l inois Mine 
S u bsidence Research Program : What Have We 
Learned in  Five Years? I N :  Proceedings, I l l inois 
M in i ng  I n stitute 9 8th Ann ua l  Meeting ,  September 
2 7-28,  1 990, p .  35-40 . 
This paper briefly describes the fou r  basic study 
a reas of the I l l ino is M ine  Su bsidence Research 
Progra m :  ( 1 }  coa l mine f loor stabi l ity, (2}  coa l p i l lar 
stab i l ity, (3} overburden deformation during 
subsidence,  and (4)  impacts on crop production . 
Keyword (s) : su bsidence research ,  coal m in ing ,  
active m ines,  agricu ltu re, hydrology, floor stab i l ity, 
overbu rden 
Location (s) : I l l i no is,  I l l ino is Coal Bas in ,  Un ited 
States 
Bauer, R .  A . ,  C. H .  Dowding,  D. J. Van Roosendaal ,  
B .  B .  Mehnert, M. B .  Su,  K .  0 1Connor .  Appl ication 
of Time Domain Reflectometry to S u bsidence 
Mon itori ng .  U . S .  Department of the Interior, Office 
of S u rface Min ing ,  Assistance Agreement No .  
HQ5 1 -CT6-0 1 537 ,  F ina l  Report, I l l i nois State 
Geolog ical  Su rvey, Champaign,  I L, 1 99 1 ,  48 p .  
( NTIS PB9 1 -2284 1 1 }  
The report describes h ow reflected voltage 
pu lses from coaxia l  antenna cable grouted in rock 
masses can be used to quantify type and magn itude 
of rock mass deformation {movements) duri ng  
abandoned mine subsidence events . Rock mass 
movements loca l ly deform the grouted cable, wh ich 
changes cable capacitance and thereby the 
reflected wave form of induced voltage pulse.  By 
mon itor ing changes i n  these reflected s ignatu res, it 
is possib le to mon itor rock mass deformation . 
Keyword (s) : lab testing ,  in s itu testing ,  active 
m ines, abandoned m ines, mon itor ing methods, 
mon itori ng equ ipment, mon itoring instal lation,  
longwal l ,  surface structu ra l damage, 
instru mentation , coal  m in ing  
Location (s) : I l l ino is, I l l i nois Coa l  Basin ,  Un ited 
States 
Bauer, R. A . ,  D. J .  Van Roosendaa l .  Mon itorin g  
Problems :  Are W e  Rea l ly Measuring  Coal M i n e  
Subsidence? I N :  Proceedings Thi rd Workshop o n  
Surface Subsidence D u e  t o  Underground M in i ng ,  
June  1 -4, 1 992 ,  S .S .  Peng ,  ed . ,  Morgantown,  WV, 
p. 332-338 . 
G eology and weather effects produ ce n atura l  
ground movements that m a y  b e  mis interpreted a s  
m i n e  subsidence . Common practices o f  monument 
and bench mark des ign and placement do not 
address the problem of natura l  g round  movements . 
Mon u ments can be designed to m in imize some 
natura l  ground movements . Differentia l  d isplace­
ments can be reduced by competent p lacement of 
benchmarks and mon uments of s im i la r  design and 
construction . Mu lt iple base l ine surveys of  an  ent ire 
mon itor ing system should be conducted before the 
onset of subsidence to establ ish subsidence 
detection l im its . 
Keyword (s) : mon itori ng  methods, mon itoring  
design ,  mon itor ing equ ipment, mon itoring  
insta l lation ,  su rvey desig n ,  survey equ ipment, 
su rvey methods, coal m in ing ,  vertica l d isplacement, 
geologic features, soi ls 
Location (s ) :  I l l i nois, I l l inois Coal Basi n ,  Un ited 
States 
Bauer, R. A., D. J .  Van Roosendaa l .  Mon itor in g  
Problems :  Are W e  Real ly Measur ing Coal M i n e  
Subsidence? I N :  Proceedings,  I l l i nois M in ing  
I nstitute, Centen n ia l  Year, 1 992 ,  p .  39-5 2 .  
Geology a n d  weather effects produce natura l  
ground movements that may be  m is interpreted as 
mine subsidence . Weather, loca l geology, and 
vegetation clearly inf luence the elevation of the 
grou nd surface th rough frost action,  changes in 
grou ndwater levels, and soi l  moistu re content. 
Mon uments can be designed to m in im ize  some 
natural g round movements . Differential  
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displacements can be reduced by competent 
p lacement of benchmarks and monuments of s imi lar  
design and construction . M u lt ip le basel ine su rveys 
of the entire mon itorin g  system, conducted before 
the onset of subs idence, should be used to 
estab l ish subs idence detection l imits . 
Keyword (s ) : mon itoring methods, survey 
methods, su rface structural damage, survey 
equ ipment, mon itori ng equ ipment, instrumentation,  
su rvey design 
Bauer, R.  A . ,  B.  A. Trent, P .  B .  Du Monte l le .  Mine 
S u bsidence in  I l l i no is :  Facts for Homeowners . 
I l l i no is  State G eological  S u rvey, Environmenta l  
G eology 1 44, 1 993,  Champa ign ,  I L, 1 6  p .  
The ISGS prepared th is pub l ication to  expla in  
the causes and natu re of  su bsidence and to  d iscuss 
ways of m i n im iz ing  the damage caused by sub­
sidence . With th is  information ,  h omeowners wi l l  be 
a ble to decide whether they l ive in su bsidence­
prone  areas, u nderstand  some common effects of 
mine  su bsidence, and recogn ize problems that can 
be m istaken for m ine  subsidence.  
Keyword (s) : i nsurance, abandoned mines,  
active m ines,  surface structural  damage,  coal 
m in i ng ,  structu ral m itigation 
Location (s) : I l l ino is,  I l l i no is  Coal Basin ,  Un ited 
States 
Bau mgardner, R. W . ,  A. D. Hoadley. Geology and 
Hydrology of the Wink  S i nk, Texas .  Bureau of 
Economic G eology, Un iversity of Texas, Austin ,  
October, 1 980, 1 2  p .  
Keyword (s) : hydrology, geologic featu res 
Location (s) :  Texas,  Un ited States 
Bawden , W. F . ,  P. Mottahed .  Comparison of Th ree 
S ubsidence Prediction Techn iques Appl ied to 
Saskatchewan Potash M in i ng .  I N :  Proceedings 8 8th 
An n ua l  G enera l Meeting  of Canada I nstitute of 
M in ing ,  Montrea l ,  Paper n o .  89 ,  1 986,  34 p .  
Keyword (s) :  prediction ,  prediction theories, 
non-meta l m in ing  
Location (s ) :  Canada 
Beard ,  J .  T .  The Action I nf luence and Control of 
Roof in Lon g  Workin gs .  Transactions, I nstitute of 
M in i ng  Eng ineers, London,  v. 28 ,  1 904-05, p .  
3 4 1 -347 . 
Keyword (s) :  longwal l ,  m ine desig n ,  roof 
stabi l ity, roof support, h istorica l ,  coal m in ing  
Location (s) : Eng land 
Beck, B .  F . ,  ed . S inkholes : Their  Geology, 
Engineering and Environmenta l  I m pact .  Proceedings ,  
1 st Mu ltidiscip l inary Conference on S in kholes, 
Orlando, FL, October 1 5- 1 7, 1 984, Flor ida S i nkhole 
Research I nstitute, Un iversity of Centra l  F lor ida, 
Bal kema, Rotterdam, 429 p .  
The ed itor states that the term s inkh ole (or 
dol ine)  should refer on ly to local ized land surface 
depressions arising from karst processes . Solut ion 
sin kholes form from the s low dissolution of bedrock 
and are not genera l ly an eng ineering problem 
although they may be an avenue  for g rou ndwater 
pol l ution . Col lapse s inkholes arise when the roof of 
a bedrock cavern col lapses; such inc idents a re rare . 
Subsidence s inkholes (geology} or ravel l i ng  s i nks 
(engineering }  form by the p ip ing of u n consol idated 
overbu rden into karstic open ings in  the u n derly ing 
solu ble bedrock, usua l ly l imestone .  Local i zed land 
surface su bsidence, rapid or s low, may a lso a rise 
from numerous non-karstic causes, particu larly 
min ing and soi l  p ip ing .  It  is  suggested that these 
featu res be referred to col lectively as subsidence 
pits to d istin gu ish them from true s inkh oles . 
Keyword (s} : environ ment, eng ineering ,  geologic 
featu res, f lu id extraction 
Beck, R .  E. ,  S. S igwerth . I l l i nois Coa l M ine  
Subsidence Law.  DePau l  Law Review, v .  29 ,  no .  2 ,  
Ch icago, I L, 1 980.  
This paper provides an h istorica l overview of 
the development of su bsidence law in I l l i nois;  it 
reviews the princi ples of l iab i l ity and legal  problems 
establ ished by cases . 
Keyword (s} :  law, coal m in ing  
Location (s} : I l l i nois, I l l i no is  Coal Bas in ,  Un ited 
States 
Beck, R .  E. I l l i no is Coal Mine S u bsidence Law 
Updated . Southern I l l i nois Un iversity Law Journa l ,  
v .  1 985,. no .  3 ,  1 986,  The  Board of  Trustees of 
Southern I l l inois Un iversity, Carbondale, I L. 
A considerable n umber of important develop­
ments in  the I l l i nois coal  mine su bsidence law have 
taken place s ince 1 980.  
Keyword (s} : law, government, economics, coa l 
m in ing ,  longwa l l ,  insurance 
Location (s} : I l l i nois, I l l ino is Coa l Basin ,  Un ited 
States 
Beck, R. E. Recent I l l i nois Court Decis ions on Coal 
Mine Subsidence. Minera l  Matters, v .  8 ,  no. 5, 
October, 1 986,  Southern I l l i nois Un iversity, 
Carbondale, I L. 
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During  1 985  both the federal d istrict cou rt for 
the Southern District of I l l ino is  and the I l l ino is 
C i rcu it Court for the Second Jud icia l  Circu it 
an nou nced decis ions relating  to two coal mine 
su bsidence cases . Wh i le ne ither case has been 
concluded,  the decisions to date conta in  several 
i nterestin g  points .  Both cases involved subsidence 
resu ltin g  from longwal l  m in ing ,  and several 
q uestions were raised . 
Keyword(s } :  longwa l l ,  coal m in ing ,  active 
m ines,  law, surface structural damage 
Location (s} : I l l i nois,  I l l i nois Coa l Bas in ,  Un ited 
States 
Beck, W . W . ,  A. L. Russnow, G .  H .  Emrich . 
Relationsh ip  Between Undergrou nd Mine Water 
Pools and S u bsidence in the Northeastern 
Pennsylvan ia  Anth racite F ie lds.  Appalach ian 
Regiona l  Commission Report ARC-73- 1 1 1 -2553,  
Apr i l ,  1 975 ,  4 1 1 p .  ( NTIS PB 242 467} 
Th is  study is part of a comprehensive program 
related to the land su bsidence .that occurred i n  the 
anthracite reg ion of northeastern Pennsylvan ia  in  
response to Tropical  Storm Agnes . The objectives 
of the study were to ( 1 }  determine the mine pool 
factors that contribute to or influence su bsidence, 
(2} define  and docu ment present mine pool 
cond it ions in the anthracite fields of Northeastern 
Pennsylvan ia ,  and (3} recommend the most 
effective and feasible methods of contro l l ing the 
mine pools to reduce or prevent futu re su bsidences . 
The fi nd ings of th is investigation were as fol lows : 
( 1 }  peak precipitation precedes subsidence 87% of 
the t ime; (2 }  su bsidence occurs in areas where roof 
rock conditions are poor or where abnormal ly h igh  
hydrostatic pressu re occurs i n  structura l ly weak 
a reas; (3 }  subsidence occu rs a long outcrop areas 
and where a h igh  percentage of coal has been 
removed; and (4} su bsidence occu rred during 
Tropical  Storm Agnes where h igh  hydrostatic 
p ressure developed . 
Keyword (s} :  subsurface water, anth racite, coa l 
m in i ng ,  geologic features 
Location (s} : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Beck, W . W . ,  G .  H .  Emrich . Coal Mine Su bsidence 
and Mine Pools--Northern Anth racite Field, 
Pen nsylvan ia .  American Society of Civi l Eng ineers 
Nationa l  Spr ing Convention and Continu ing  
Education , Pittsburgh ,  PA, Apri l 24-28 ,  1 978,  
ASCE Preprint 3293,  p .  1 -25 .  
Su bsidence has been a problem a lmost s ince 
the inception of deep min ing  in the anth racite reg ion 
of northeastern Pennsylvan i a .  It appears to have 
been a more acute problem during  active m in i ng  
than after min ing . Th is paper explores causes of 
su bsidence in the area, inc lud ing rock fa i l u re,  flow 
of water, h igh  precip itation periods ,  and attr ibu tes 
of the overbu rden (especia l ly sandstone } .  
Keyword (s} :  subsurface water, anthracite, coal 
m in ing ,  geolog ic features, hydrology, h istorica l ,  
abandoned mines 
Location (s ) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Bee, R .  W. Environ mental Action Programs for 
Northeastern Pennsylvan ia Refuse Ban k  
Removal/Subsidence.  U . S .  Bureau o f  M ines O F R  
3-73, Mitre Corporation ,  Contract SO 1 1 1 4 1 4, 
1 972 ,  529 p .  (NTIS PB 2 1 4  535}  
Keyword (s} : environ ment, l and-use plann i ng ,  
m ine  waste 
Location (s ) :  Pen nsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Beevers, C . ,  K .  Wardel l .  Recent Research in Min ing  
Subsidence . Transactions, I nstitute of  M in ing  
Eng ineers ,  London,  v .  1 1 4, 1 954-55,  p .  223-253 . 
Recent observations in the Yorksh i re coalf ield 
by precise surveying  tech n iques are described and 
i l l ustrated in  th is  paper. Some conclus ions relatin g  
to maximum possible subsidence, l imiting  angle,  
and the general ang le of grou nd movement are 
discussed . The importance and inf luence of travel­
ing or dynamic ground movements, particu larly over 
comparatively sha l low workings,  is  emphasized and 
examples are g iven . 
Keyword(s } : m ine design ,  survey methods, 
partia l  extraction ,  stowing ,  survey methods, 
subsidence research , ang le of draw, coa l m in ing  
Location (s ) :  Eng land 
Begley, R .  D . ,  L .  E .  G ray, G .  M.  Zickefoose .  Des ig n  
Considerations for Structu res t o  b e  Bu i lt o n  
Subsidence Prone Lan d .  I N :  Proceed ings,  2 n d  
Workshop o n  S u rface S u bs idence D u e  to 
Underground Min ing ,  Morgantown , WV, June  9- 1 1 ,  
1 986,  S .S .  Peng,  ed . ,  West Virg in ia University, 
Morgantown , p. 1 8 1 - 1 93 .  
This paper presents deta i led design drawings of 
a flexible s ing le floor residentia l  superstructu re 
proposed for both longwal l  and room-and-pi l lar  
min ing conditions .  Al l  efforts were made to provide 
an immed iately ava i lable economical a lternative for 
futu re home bu i lders on su bsidence prone lan d .  
Because of th is,  a basement was not inc luded i n  
t he  design because additiona l  costs and measu res 
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wou ld  be requ i red to m in imize cracking and 
leakage .  A cost comparison with a traditiona l  
su perstructu re demonstrated that this wou ld  be a 
cost effective a lternative . 
Keyword (s) : surface structural damage, 
arch itectu re,  construction,  foundations, economics, 
coal m in ing  
Beg ley, R .  D . ,  A .  W.  Kha i r .  Development of  a 
Mechan istic Model for Prediction of Maximum 
S u bsidence and  S u bsidence Profi le Due  to  Longwal l  
M i n in g .  I N :  Rock Mechan ics as a G u ide for  Efficient 
Uti l i zation of Natu ral Resou rces, Proceedings 30th 
U . S .  Symposium,  1 98 9 ,  A .W.  Kha ir, ed . ,  Ba lkema, 
Rotterdam,  p .  495-502 . 
This paper summarizes the development of a 
mechan istic model to predict longwal l  m in ing  
i nduced su rface subsidence . The model was 
orig ina l ly developed from data acqu ired from a 
recent f ie ld study conducted in Northern West 
V i rg i n i a .  Additiona l  data h ave been col lected from 
publ ished sou rces and used to refine  the model . 
Keyword(s} :  model i ng ,  pred iction , longwa l l ,  
ang le of  d raw, overbu rden , geologic features, rock 
mechan ics, coal m in i ng ,  time factor 
Location (s ) :  West Virg in ia ,  Appalachian Coal 
Reg ion , Un ited States 
Begley, R. D .  Development of a Mechan istic Model 
for Prediction of S u bsidence Over Longwa l l  M ines .  
Ph . D .  Dissertation , 1 98 9 ,  Department of M in ing  
Eng ineering ,  West Virg in ia  University, Morgantown . 
Keyword (s) :  model ing ,  p rediction , coal m in ing ,  
longwal l  
Location (s) : Un ited States 
Bel l ,  F. G .  The Character of the Coal Measures . I N :  
S ite I nvestigations i n  Areas of M in ing  Subsidence, 
Chapter 2 ,  1 975 ,  F .G . Bel l ,  ed . ,  Newnes­
Butterworths,  London,  p. 25-39 . 
Keyword (s} :  overburden,  coa l m in ing ,  geologic 
featu res 
Location (s ) :  Eng land 
Bel l ,  F .  G .  Sa lt and S u bsidence in  Chesh ire, 
Eng land . Quarterly Journa l  of Eng ineering Geology, 
v .  9 ,  1 975,  p. 237-247 . 
Keyword (s) : non-meta l m in ing  
Location (s) :  Eng land 
Bel l ,  F .  G .  G round  Cond it ions in M in ing  Areas .  
Methods of Treatment o f  Unstable G round,  1 975,  
F .G . Bel l ,  ed . ,  Newnes-Butterworths, London,  p .  
1 1 2- 1 40 .  (NTIS Accession No .  7 7-08479 )  
Keyword (s) :  eng ineeri ng ,  fou ndations, coal  
m in ing ,  soi ls,  soi l  mechanics, geologic features, 
mine operation 
Location (s) : Europe, Eng land 
Bel l ,  F .  G .  R isk of  Subsidence .  Bu i ld ing,  1 5  Apr i l ,  
1 977 r p .  96-99 . 
The need for u rban redevelopment on a large 
sca le together with the increase in the rate of 
construction due to increas ing  mechan isation and /� 
the increasing scarcity of su itable s ites has meant 
that in  recent years s ites formerly regarded as 
unsu itable have been considered for bu i ld ing  
pu rposes . Fu rthermore, most of  the large  i ndustria l  
centers of  Brita in ,  in  a l l  of  wh ich redevelopment is  
going on ,  are u nderlain by rocks of coa l  measu res .  
Therefore an added redevelopment concern in  such 
areas is concerned is the problem of  past or existin g  
mineral work ings .  
Keyword (s) : land-use plann ing ,  active m ines,  
abandoned mines, coal m in ing ,  surface structu ra l 
damage, roads, non-metal m in i ng ,  foundations ,  
vertica l d isplacement, horizontal d isplacement, 
National  Coal Board, m itigation , structu ra l 
m itigation,  backfi l l i ng ,  ang le of draw 
Location (s) :  Un ited Kingdom 
Bel l ,  F .  G .  Subsidence Due to M in ing  Operations .  
I N :  Proceedings Conference o n  Foundation 
Eng ineering in  Difficu lt G round,  September, 1 976,  
Sheffie ld, Eng land ,  1 978 ,  F . G . Bel l ,  ed . ,  Newnes­
Butterworths, London , p. 322-362 . { NT IS  
Accession No .  78-4793 1 )  
Keyword (s) : coal m in ing ,  fou ndations, 
backfi l l i ng ,  non-meta l m in ing ,  eng ineerin g  
Location (s) : Europe 
Bel l ,  F. G .  Location of Abandoned Workings in Coal 
Seams . Bu l letin of the I nternationa l  Association of 
Eng ineering Geology, v .  33,  Apri l ,  1 986 ,  p .  
1 23- 1 32 .  
Coal m in ing  has gone o n  i n  many parts of 
Western Europe and North America, frequently for 
200 years or more . Consequently, in many u rban 
areas, there are abandoned workings at sha l low 
depth that often are un recorded . I nvestigation of 
abandoned coa l mine work ings is no easy task and 
requ ires some knowledge of  past methods of 
m ineral exploitation . 
Keyword (s ) :  coal m in ing ,  abandoned mines,  
geophysical 
Location (s) :  Europe, Un ited States 
28 
Bel l ,  F. G .  S u bsidence . I N :  G round  Eng ineer 1 s  
Reference Book, Ch . 1 5 , August, 1 987 ,  F . G . Bel l ,  
ed . ,  Butterworths, London , 24 p .  
The  a uthor states that subsidence is  an  
i nevitable consequence of  m in ing  activities, and i t  
reflects the movements that  occu r in  the mined out  
area . Unfortunately, su bsidence can and does have 
serious effects on surface structures, services and 
commun ications; it can  a lso be responsible for 
f lood ing and lead to the ster i l ization of land or  make 
remedia l  measures or specia l  constructional  design 
i n  site development n ecessary .  
Keyword (s) :  h i storica l ,  room-and-pi l lar,  
mon itoring  methods, mitigation,  longwa l l ,  geologic 
featu res,  prediction ,  surface structural  damage, 
f lu id extraction , coa l m in ing ,  non-metal m in ing  
Bel l , F .  G .  The I nf luence of  Subsidence Due to 
Present Day Coal M in ing  on Su rface Development. 
I N :  P la n n in g  and Eng ineering  Geology, Proceedings 
22nd An nua l  Conference of  the Eng ineering G roup 
of  the G eological  Society, Plymouth Polytechn ic,  
Septem ber 8- 1 2 , 1 986,  M . G .  Cu lshaw, et a l . ,  eds . ,  
The G eological  Society, London,  1 987,  p .  359-367 . 
Urban development and redevelopment in areas 
of present day coal m in ing  faces a potential  
problem due to associated su bsidence.  Obviously 
the main aim of a developer is to produce a 
successfu l development with economy of design 
and m in imization of any subsequent subsidence 
damage so that structures fu lf i l l  their  function 
th roug hout their design l ife . 
Keyword (s) :  land-use p lann ing ,  active mines, 
coal m in ing ,  eng ineeri ng ,  longwal l ,  Nationa l  Coal 
Board, su rface structu ra l damage, structura l 
m itigation ,  fou ndations 
Location (s) : Un ited Kingdom 
Bel l ,  F .  G . ,  J .  C .  Cripps, M .  G .  Cu lshaw, M .  0 1 Hara . 
Aspects of Geology i n  Plann i ng .  I N :  Plan n ing  and  
Eng ineer ing Geology, Proceed ings 22nd Annua l  
Conferen ce,  Eng ineering G roup of  the  G eological 
Society, Plymouth Polytech n ic, September 8- 1 2 ,  
1 986,  M . G .  Cu lshaw, et  a l . ,  eds . ,  The Geological 
Society, London,  1 987 ,  p.  1 -3 8 .  
I n  th is paper, the opportun ity i s  taken to 
explore some of the more important geologica l  
factors that may s ign ificantly inf luence the plan ned 
use of l and .  Both natu ra l  and man-made geological 
hazards ( incl ud ing  mine su bsidence) are considered . 
Keyword (s) : land-use p lann ing  
Bel l ,  F .  G .  The History and  Techn iques of Coal  
Min ing and the Associated Effects and  I nfluence on 
Construction . Bu l letin of  the Association of 
Eng ineering  Geolog ists, v. 1 5 , no .  4, 1 98 8 ,  p .  
47 1 -504.  
Coal  min ing h as gone on i n  many parts of 
western Eu rope and North America,  frequently for 
200 years or more .  Consequently, in  many u rban 
areas, there are abandoned work ings at sha l low 
depth beneath the ground su rface that a re 
frequently not recorded . These may present a 
potentia l  h azard when such a reas a re redeveloped . 
Subsidence from longwal l  m in ing  can be regarded 
as more or  less contemporaneous with the m in i ng  
activity, and,  i t  norma l ly is predictable with i n  about  
1 0% .  Obviously, measures must be taken to avo id  
sign ificant damage to structu res resu lt ing from 
min ing  activity . Such measures d iffer accord ing  to 
the type of subsidence problem to be dealt with , 
that is ,  whether it is generated by the existence of 
old workings or by present day extraction . 
Keyword (s) : coa l m in ing ,  h istorica l ,  longwa l l ,  
room-and-pi l lar, active mines,  abandoned mines, 
land-use plann ing ,  surface structura l damage,  
engineering ,  construction , non-meta l m in ing ,  
overburden , geologic features, l aw,  foundations,  
p i l l a r  strength , p i l lar  extraction , floor stab i l ity, roof 
stabi l ity, horizontal d isplacement, prediction,  
model ing ,  prediction theories, backfi l l i ng ,  Nationa l  
Coal Board 
Location (s) : Un ited States, E u rope, Un ited 
Kingdom, Appalach ian  Coal Reg ion,  Eng land,  South 
Africa , Germany, France, Poland ,  Soviet Un ion ,  
I l l inois Coa l  Basin , Rocky Mounta in Coa l  Region 
Bel l ,  F .  G . ,  J .  M. Cou lthard .  S u bsidence Prediction 
by the Use of I nfluence Functions .  I N :  Eng ineering  
Geology of  the  Underground Movements,  
Geolog ica l  Society Eng ineering  Geology S pecia l  
Publ ication No .  5 ,  F .G .  Bel l ,  et  a l . ,  eds . ,  1 98 8 ,  p .  
265-2 73 . 
Su rface su bsidence occu rs as a resu lt of 
extraction of a minera l resou rce at some depth 
below the su rface . Most coal is  mined in this way 
in the U . K. ,  and such coal workin gs a re responsible 
for most subsidence and the associated damage 
that occu rs .  Hence,  it has become necessary to 
develop methods of predictin g  the amou nt of 
subsidence l ikely to develop due to coal m in i ng .  
Many  methods have been advanced, dati ng  back to 
the latter part of the last centu ry .  However, they 
can be separated into th ree groups,  n amely the 
theoretica l ,  the empirica l ,  and the semi-empir ica l  
methods . A n umber of these methods were 
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reviewed with the object of selecting  one that lent 
itself to the development of a relatively s imple 
computer program that cou ld be used on a 
m icrocomputer .  The complementary inf luence 
fun ction method was chosen ,  and  a program was 
developed to predict a complete subsidence profi le 
for a g iven set of c ircumstances . The concept of 
complementary inf luence functions considers not 
on ly the influence of the extracted elements on a 
su rface point  but a lso the inf luence of the materia l  
rema in i ng  after extraction . 
Keyword (s ) :  pred iction theories, influence 
fun ction , prediction ,  coal m in ing ,  longwal l ,  empir ical  
model , computer 
Location (s) : Un ited Kingdom 
Bel l ,  F .  G . , J .  C .  Cr ipps, M .  G .  Cu lshaw, M . A .  
Love l l . A Review of  G round Movements Due  to  Civi l  
and M in i ng  Eng ineering  Operations .  I N :  Eng ineering 
G eology of  Underground Movements,  Geological  
Society Eng ineering  G eology S pecial Publ ication No .  
5 ,  F .G . Be l l ,  e t  a l . ,  eds . ,  1 98 8 ,  p .  3-3 2 .  
H u man activity frequently causes ground 
movements that  may later cause problems . The 
most notable exam ples of ground movements a re 
p rovided by the m in ing  industry in the form of 
subsidence .  M in ing  in the broad sense inc ludes 
removal of materia l  from the ground and that 
materia l  may be sol id,  l iqu id ,  or gas . I ndeed some of 
the l a rgest su bsidences recorded have been in 
association with the abstraction of oi l  and ground­
water, instances h aving occu rred where the ground 
su rface has  been lowered by several meters over 
l arge a reas . The construction industry is also 
responsib le for generating  ground  movements, 
admittedly usua l ly on a smal l  sca le .  For example,  
deep excavation causes a reduction in  the vertical  
and h orizontal pressu re in the ground  and thereby 
can induce heave of the base of the excavation,  
together with inward and vertica l movements ,  both 
up and  down . G round movements may develop as a 
resu lt of tu n ne l l ing,  particu larly in soft ground,  and 
may resemble those associated with longwal l  
m in i ng  of coa l .  I nduced seismicity is another 
example .  In th is case, some of the most note­
worthy exam ples h ave been provided by reservoir  
load ing and  the permeation of water into the 
g round . S ma l l  sca le  seism ic events a lso have been 
associated with m in ing  activity. 
Keyword (s ) :  coal m in ing ,  tun ne l l ing,  flu id 
extraction ,  oi l  extraction ,  construction , longwal l ,  
seismic, soi ls,  room-and-pi l lar  
Location (s) : Un ited Kingdom 
Bel l ,  F .  G . , M .  G .  Cu lshaw, J .  C .  Cripps, M . A .  
Lovel l ,  eds.  Eng ineering Geology of Underg round  
Movements . Geological Society Eng ineering  
Geology Special Publ ication No .  5 ,  1 988 ,  455 p .  
Th is  book is concerned with those g round 
movements caused by h uman activity . It i nc ludes 
movements due to construction operation,  notably 
deep excavations due to m in ing  activity and the 
abstraction and injection of fl u ids,  and due  to 
induced seismicity . Prediction mon itoring  and  
control and  related design measures run as a 
common thread th roughout .  
Keyword (s) :  eng ineering ,  tun ne l l i ng ,  so i ls ,  
bou ndary element, pred iction,  flu id  extraction ,  coa l  
min ing,  abandoned mines,  non-metal m in i ng ,  
influence fu nction, roof stabi l ity, mon itorin g  
methods, shortwa l l ,  seismic, meta l m in ing  
Location (s) :  Un ited Kingdom, S ingapore,  Poland  
Bel l ,  F .  G . ,  B .  Mortimer. Subsidence Due to 
Abandoned Mines :  Risk, Eva luation and M itigation . 
I N :  Proceedings 6th Austra l ia-New Zealand 
Conference on Geomechan ics, Christchu rch , 
February 3-7 , 1 992 ,  New Zealand G eomechan ics 
Society, p. 2 1 5-220. 
Sha l low underg round workings cause s ig n if icant 
problems during  redevelopment of o ld m in ing  
reg ions .  Deta i led information on the  location of  old 
mines is  not a lways avai lab le .  Thematic geological  
maps h ave been produced for some areas, and they 
can be used as an in it ial  a id to hazard avoidance . I t  
is  sti l l  necessary to locate and ascerta in the state of 
abandoned mines before development.  Th is can be 
done us ing a combination of d i rect and ind irect 
tech n iques.  A site can then be zoned accord ing  to 
degree of risk .  Stabi l ization by fi l l i ng  or specia l  
foundation structures may b e  used in  certa in  <;;ases . 
Keyword (s) :  abandoned mines,  land-use 
plann ing ,  coal m in ing ,  foundations, backfi l l i ng  
Bel l ,  F .  G. ,  M. G .  Cu lshaw, B .  S .  P .  Moorlock, J .  C .  
Cripps .  Subsidence and G round Movements in  
Cha lk .  Bu l letin of  I nternationa l  Association of 
Engineering Geology, 1 992 ,  no .  45, Paris, p. 75-8 2 .  
Su bsidences that occur  with i n ,  o r  near, the 
outcrop of the Cha lk  are due to the col lapse either 
of solution featu res or of old mine workin gs .  On ly 
the latter are considered here . M ine  workin gs in the 
Cha lk extend back into the d istant past, the most 
ancient workings being those of Stone Age man in 
h is quest for f l int .  The col lapse of old mine 
workings is un predictable and,  to make the 
situ ation worse, most old workings are u n recorded 
30 
and are therefore a potential  hazard in areas 
schedu led for development.  
Keyword (s) : abandoned mines, non-metal 
m in i ng ,  h istorica l ,  overburden , remote sens ing,  
photography, geophysica l ,  backfi l l i ng ,  land 
m it igation ,  surface structu'ra l damage, land-use 
plann ing  
Location (s} :  Un ited Kin gdom 
Bel l ,  F . G . G round  S u bsidence : A Genera l  Review. 
I N :  COMA: Proceedings of Symposiu m  on 
Construction Over Mined Areas,  Pretoria, May 
1 992 . South African I nstitution of Civi l Eng ineers, 
Repu bl ic of South Africa, p. 1 -20.  
Min ing has gone on in  many parts of  the world 
for centuries . Consequently, in  many areas there 
a re abandoned workings at sha l low depth beneath 
the grou nd surface, which are frequently not 
recorded . Th is is especia l ly the case in western 
E u rope and North America where old room-and­
pi l lar work ings in  coa l may present a potential  
hazard when areas are developed or redeveloped . 
S u bsidence consequent u pon longwa l l  m in ing  can 
be regarded as more or less contemporaneous with 
the m in ing  activity .  Obviously, measures must be 
taken to avoid s ign if icant damage to structu res due 
to m in i ng  activity .  Such measures d iffer accord ing  
to  the  type of  su bsidence problem, that is ,  whether 
it is  generated by the existence of old workin gs or 
by present day extraction .  
Keyword (s ) :  abandoned mines, active m ines, 
su rface structura l damage, longwal l ,  room-and­
p i l lar,  p i l lar  strength , remote sens ing,  geophysica l ,  
seismic, land-use p lann ing ,  foundations,  backfi l l i ng ,  
g routi ng ,  coa l min ing,  geologic featu res, prediction ,  
model i ng ,  inf luence fu nction ,  zone area, Nationa l  
Coal  Board, structu ra l  m itigation 
Location {s) : Eu rope, Un ited States 
Bel l ,  F .  G . ,  ed . Methods of Treatment of Unstable 
G rou nd . Newnes-Butterworths, London , 1 97 5 .  
Keyword (s) : grou nd control 
Be l l ,  F. G ., ed . S ite I nvestigations in Areas of 
M in i ng  S u bsidence . Newnes-Butterworths,  London , 
1 97 5 ,  1 68 p .  
Keyword (s) : coal m in ing  
Bel l ,  F .  G . ,  ed . Foundation Engineering  in  Difficu lt 
G ro u n d .  Newnes-Butterworth , 1 97 8 .  
Keyword (s) : fou ndations, eng ineering 
Bel l 1  S .  E .  Successfu l Design for M in ing  
Subsidence. IN :  Large Ground Movements and  
Structuresr Proceedings Internationa l  Conference1 
University of Wales I nstitute of Science and 
Technology, Card ift 1 977 r J . D .  Geddes, ed . ,  John 
Wi ley & Sons,  New York, 1 9781  p .  5 62-57 8 .  
T h e  C LAS P system o f  bu i ld ing i s  des igned to 
withstand the effects of m in ing  subsidence . The 
author inqu i res as to how C LAS P-des igned bu i ld ings 
have withstood min ing subs idence over a 1 6-yea r  
period . 
Keyword (s) :  m ine des ign,  surface structura l  
damager land-use plann ing r  eng ineering ,  coal m in i ng  
Location(s ) : Un ited Kin gdom 
Belousr Y. I .  Effect of Transverse Wal ls on Tota l 
Rig id ity of Undermined Bu i ld ings .  So i l  Mechan ics 
and Foundation Eng ineering r  v .  1 8r no. 1 1  January­
February1 1 98 1  (translated from Russ ian ) .  
Th is paper describes i nvestigations t o  estab l ish 
the effect of transverse wal ls  and their  fou ndations 
on the preservation of bu i ld ings u n dermined in  the 
territory of the Lvov-Volyn coal bas in . 
Keyword (s) :  surface structu ra l damage1 
subsurface structura l  damage1 construction1  soi l  
mechan icsr foundations,  coal m in ing 1  arch itectu re 
Location (s) :  Soviet Union 
Ben-Hassiner J . r  E .  C .  Drumm1 J.  D.  Hoskins  I l l ,  R .  
M .  Bennett . Mechan istic Approach for the 
Prediction of Structu ra l Response Due to 
Subsidence. I N :  Proceedings 4th Conference on 
G round Control for M idwestern U . S .  Coal M ines1 
Mt. Vernonr  I L, November 2-41 1 9921  Y. P .  Chugh  
and  G .  Beasleyr eds . r  Southern I l l inois Un ivers ity1 
Carbondale1 p. 3 73-390. 
I n  the pastr the satisfactory prediction of 
structu ral damage due to su bsidence h as been 
l im ited, and has been primari ly empir ica l .  
Mechan istic ana lysis methods such as the  f in ite 
element method a l low the representation of the soi l ­
structu re system by the respective mechan ical  
properties and geometries . Such a representation 
provides a rationa l  means for the pred iction of not 
only structu ra l  damage, but the complete structu ral 
response during a specified su bsidence event .  
These methods a lso permit  the economical  
eva luation of d ifferent types of construction 1 and 
var ious damage m itigation measu res . 
Keyword (s) : structu ral m itigation,  mode l ing1  
fin ite element, prediction 1 surface structu ral 
damager foundations, construction1  longwal l  
Location (s) : l l l inoisr I l l i no is  Coal Bas in ,  Un ited 
States 
3 1  
. 
Ben nett, H .  B . 1  H .  E .  Sanford, R .  W .  Stah l .  
Continuous  M in ing  with So l id  Pneu matic Stowing at 
Dorn isth rope Col l iery .  Transactionsr I nstitute of 
M in i ng  Eng ineersr v. 1 1 4, 1 954r p. 625; a lso 
Col l iery G uard ian , v. 1 89 ,  no .  4896,  December, 
1 9541 p. 8 1 1 .  
Keyword (s) : pneumatic backfi l l i ng ,  stowing 
Location (s ) :  Un ited Kingdom 
Ben nettr R. M . r E. C. Drummr  D. C. Johnson . 
Behavior of L inear Foundations Subjected to 
Lon gwa l l  S u bsidence. I N :  Proceedings Th i rd 
Workshop on Su rface Subsidence Due to 
Underground Min ing 1  June  1 -4r 1 992r  S . S .  Pengr  
ed . r  Morgantown r WV, p .  1 2 1 - 1 28 .  
Twelve l i near  test fou ndations were con­
structed over an  advanc ing longwal l  panel in  
southern I l l ino is .  Various m itigation techn iques were 
incorporated into the footings .  From the resu lts of 
the stu dy 1 prel im inary recommendations are made 
regardi ng  construction of footings and foundations 
over m in i ng  a reas . 
Keyword (s) :  active mines1 coal m in ing r  
fou ndations1 construction1  longwal l ,  structural 
m itigation 1  economics1 surface structural 
damage 
Location (s) :  l l l ino is1 I l l ino is Coal  Basin 1  Un ited 
States 
Benson 1  J .  8 . 1  H .  E .  Sanford1 R .  W. Sta h l .  
Cond it ions and Practices o f  Coal Mines i n  t h e  R u h r  
District o f  Western G ermany. U .S .  Bureau o f  Mines 
I C  7549r  1 950r 48 p .  
Fol lowing  World W a r  I I ,  a 1 -year investigation 
was made of safety condit ions and operat ing 
practices in  G erman mines .  
Keyword (s ) :  backf i l l i ng 1  mine safety, coa l 
m in i ng  
Location (s) :  G ermany 
Benson , R. C. Assessment of Local ized Subsidence 
( Before the Fact) . I N :  Proceedingsr I nternationa l  
Conference on Eva luation and Prediction of 
S u bsidencer Pensacola Beach,  F Lr Januaryr 1 978r  
S . K. Saxena ,  ed . r  American Society of  Civi l  
Eng ineers1 New York, 1 979r  p .  47-57 .  
Keyword (s) : pred iction 
Location (s ) :  Un ited States 
Benson 1 R. C . ,  L. B. Yuhr .  Assessment and Long  
Term Mon itoring  of  Local ized Subsidence Using 
G round  Penetrating  Radar .  I N :  Karst Hydrogeology: 
Eng ineering and Environ menta l  Appl ications,  
Proceedings,  2nd M u lt idisc ip l inary Conference on 
Sinkholes and the Environmental I mpacts of Karst, 
Orlando, FL, 1 987,  B . F .  · Beck and W . L. Wi lson,  
eds . ,  p .  1 6 1 - 1 69 .  
Keyword (s) :  mon itori ng  methods, mon itorin g  
equ ipment 
Benz ley, E . ,  R .  D .  Krieg . A Conti n u u m  F in ite 
Element Approach for Rock Fa i l u re and R UBBLE 
Formation . SAND80-227,  Sand ia  Nationa l  
Laboratories, Albuquerque,  New Mexico, August, 
1 980, 23 p .  
Keyword(s) :  model i ng ,  f in ite e lement 
Location (s ) :  Un ited States 
Benz ley, S .  E . ,  R .  D .  Krieg . A Conti n u u m  F in ite 
Element Approach for Rock Fa i l u re and  R UBBLE 
Formation . I nternationa l  Journa l  for N u merical and  
Analytical Methods in  Geomechan ics, v .  6 ,  1 983 ,  
p .  277-286 .  
Keyword (s} : f in ite e lement, mode l ing  
Benzley, S .  E .  SCRUBS . BYU, A F in ite E lement 
Formu l ation for Underground Resource Remova l .  
Col lege o f  Eng ineering Sciences a n d  Tech nology, 
Brigham Young Univers ity, Provo, UT, December, 
1 983,  1 01 p .  
Keyword (s) :  f in ite element model ing 
Location (s ) :  Un ited States 
Benz ley, S. E . ,  D. W. Basinger.  SCRUBS . BYU, 
Appl ication of Combined Jointed Media and 
Discrete Med ia Plane  Characteristics to  S ubsidence 
Prediction . Col lege of Eng ineering  Sciences and 
Technology, Brigh am Young  Un iversity, Provo, UT, 
December, 1 984, 2 1 8  p .  
Keyword (s) : model ing ,  f in ite e lement, prediction 
Location (s) :  Un ited States 
Berbower, R. F. Subsidence Problem in the Lon g  
Beach Harbor District . ASCE Journa l  o f  the 
Waterways, Harbors, and Coastal Eng ineering  
Division , v .  85 ,  no .  WW2, June,  1 959 ,  p .  43-80.  
The author d iscusses subsidence of  the ground  
su rface due to  o i l  extraction and sa lt water injection 
to repressure depleted formation s .  
Keyword (s) :  surface water, o i l  extraction , flu id  
extraction 
Location (s) : Un ited States 
Berbower, R .  F. Effects of G round Su rface 
Su bsidence in  the Long Beach Harbor D istrict. I N :  
American Society Test ing a n d  Materia ls 
Proceed ings, v .  64, 1 965,  p.  903-92 1 .  
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Keyword (s} : flu id  extraction 
Location (s) : Cal iforn ia ,  Un ited States 
Bergstrom ,  R. E . ,  K .  Piskin ,  L .  R .  Fol lmer.  G eology 
for Pla n n ing  in the Springfield-Decatu r Reg ion . 
I l l i nois State Geological  S u rvey, Circu lar  497 ,  1 976,  
Champa ign ,  I L, 76  p .  
Keyword (s) : land-use p lann ing ,  coa l m in ing ,  
h istorica l ,  abandoned mines,  geologic features, 
su rface structural damage 
Location (s) :  I l l i nois, I l l inois Coa l Basi n ,  Un ited 
States 
Berry, D. S .  Theoretical I nvestigations of G round 
Movement Due to M in ing  Operations .  Annua l  
Report for  the Nationa l  Coa l  Board, Department of 
M in ing  Eng ineering ,  Un iversity of Nottingham,  
1 96 1 . 
Keyword (s) :  coa l m in ing ,  model ing,  Nationa l  
Coal  Board , phenomenological  model ,  e lastic model , 
p red iction 
Location (s) : Un ited Kingdom 
Berry, D. S. G round Movement Considered as an 
E lastic Phenomena . The Min ing  Eng ineer, v .  37,  
1 963,  p .  28-3 9 .  
Keyword (s) :  phenomenological  model,  e lastic 
model ,  model i ng  
Berry, D .  S . ,  T .  W .  Sa les . An  Elastic Treatment of 
G round  Movement Due to M in i ng .  Journa l  of 
Mechan ics and Physics of Sol ids, pt . 1 ,  v. 8, 1 960, 
p. 2 80-292 ;  pt . 2 ,  v .  9, 1 96 1 ,  p. 52-62; pt. 3, v. 
1 0, 1 962 ,  p. 73-83;  pt . 4, v. 1 1 , 1 963, p .  
373-3 7 5 .  
Keyword (s ) :  model ing ,  phenomenological  
model ,  e lastic model 
Berry, D. S. The G round Considered as a 
Transversely I sotropic Materia l . I nternationa l  
Journa l  of Rock Mechan ics and M in ing  Sciences & 
G eomechan ics Abstracts, v .  1 ,  1 964, p .  1 59- 1 67 .  
Keyword (s) : conti n u u m  mechan ics, rock 
mech an ics, model ing ,  phenomenological  model,  
e lastic model 
Berry, D. S.  G round Movement Considered as an 
E lastic Phenomenon . The M in ing  Eng ineer, London,  
v .  1 23,  no .  4 1 , 1 964, p .  28-4 1 . 
Keyword (s ) :  conti nuum mechan ics, model ing ,  
phenomenological  mode l ,  elastic model 
Berry, D. S .  A Theoretica l E lastic Model of the 
Complete Region Affected by a Min ing  Seam.  I N :  
Proceedings 6th U . S .  Symposiu m  on Rock 
Mechan ics, 1 964, E . M .  S pokes and C . R .  
Christiansen, eds . ,  Un iversity of M issou ri a t  Rol la ,  
p . 3 1 0-32 9 .  
T h e  author proposes an elastic model theory to 
describe subsidence resu lti ng from longwal l  m in i ng  
with complete or nearly complete caving . This 
model  is considered appl icable to the fina l  deformed 
state when movement h as ceased , even though 
previous movement is cons idered to  be viscoelastic .  
The ground i s  treated a s  a transversely isotropic 
medium .  
Keyword (s) :  rock mechan ics, longwal l ,  
phenomenological model,  elastic model,  model ing 
Berry, D .  S.  A Discussion of the Stochastic Theory 
of G round Movement. Felsmechan ik  und  
l ngen ieurgeologie { Rock Mechan ics and Eng ineeri ng  
G eology) 1 1/3-4, 1 964, p .  2 1 3-227 . 
Keyword (s) : model ing ,  empirical  model,  
stochastic model 
Berry, D. S . ,  G .  J. Marsha l l .  Calcu lation of the 
Stress Around an Advanc ing Lon gwal l  Face in 
Viscoelastic G roun d .  I N :  F i rst Congress, 
I nternationa l  Society of Rock Mechan ics, v. 2 ,  
1 966,  p .  379-384. 
The large scale behavior of the ground is  
assumed to be transversely isotropic and vis­
coelastic .  The seam is supposed to be deep and 
suffic iently th i n ,  in  comparison with other s ign i­
ficant measu rements, that it can be considered to 
be of infin itesimal  th ickness, and the face advan ces 
at a constant rate . The resu lti n g  stress d istribution 
and displacement f ie ld in  the su rround ing  rock mass 
are computed with the a id of a computer for a 
nu mber of viscoelastic materia ls .  
Keyword (s) :  prediction , longwal l ,  model ing ., 
phenomenological model, e lastic model,  viscoelastic 
model,  rock mechan ics 
Berry, D. S .  Progress in the Analysis of G round  
Movements due to  Min ing . IN :  Large G round 
Movements and Structures, Proceedi ngs 
I nternationa l  Conference, Un ivers ity of Wales 
I nstitute of Science and Technology, Card iff, 1 977 ,  
J .D .  G eddes, ed . ,  John  Wi ley & Sons ,  New York, 
1 978 ,  p. 78 1 -8 1 1 .  
This paper is intended as a h i storica l review as 
wel l  as an  accou nt of current ideas on ana lytica l  
methods of estimating  ground movements resu lti ng  
from min ing  
Keyword {s) : model ing ,  phenomenological  
model, elastic model, h i storica l ,  prediction ,  ang le of 
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draw, empirical  model,  prediction theories, Nationa l  
Coal Board ,  coal  m in ing ,  profi le  function, inf luence 
function , stochastic model,  conti nuum mechan ics, 
f in ite e lement, t ime factor 
Location (s) : Un ited Kingdom 
Besha i ,  J.  S u bsidence Mon itori n g .  Geos (Canada) ,  
v .  1 4, no .  3 ,  1 98 5 ,  p .  22-2 5 .  
CAN M ET developed a system to monitor 
g round movement and provide a means of 
pred icting  when g round  fa i l u res wou ld occur .  The 
integrated monitorin g  system i ncorporates 
ti ltmeters, photogrammetry, and geodetic survey 
techn iques .  The ti ltmeter system uses computerized 
rad iotelemetry to determine the time requ i red for 
caving  to m igrate to the surface, aerial 
photogrammetry de l ineates the extent of the 
su bsidence area , and electro-optical d istance 
techn iques provide accurate measurements in  easi ly 
accessible areas . 
Keyword (s) :  mon itoring methods, mon itorin g  
design ,  mon itoring  equ ipment, coa l m in ing ,  geologic 
featu res, photography, survey methods, active 
m ines 
Location (s) : Canada 
Beyer, F .  On  Predicting  G round Deformations Due 
to M in i ng  F lat Seams . Thesis presented to the 
Techn ical  Un iversity of Berl i n ,  1 945 ( in  German ) .  
Keyword (s) : su rface subsidence damage, 
p redi ction , model in g ,  empirical  model,  i nf luence 
function 
Beyer, L .  Bergschadenssicherung  von Gasle itun gen 
( Protect ing Gas Pipel i nes from Damage by M in i ng ) .  
Gas-Wasserfach,  Gas-Erdgas, v .  1 22 ,  n o .  4 ,  1 98 1 ,  
p .  1 8 1 - 1 86 .  
Keyword (s) : p ipel i nes ,  uti l it ies 
Bezu iden hout, C. A . ,  J. F. Ens l in . S u rface 
S u bsidence and S inkholes in the Dolomitic Areas of 
the Far West Rand,  Transvaa l ,  Repu bl ic of South 
Africa . I n ternationa l  Association Hydrologica·I 
Sc iences Pub l ication 89 ,  1 970, p .  482-49 5 .  
Keyword (s } :  geologic features 
Location (s) : South Africa 
Bhattach arya , S . ,  M .  M .  S ingh ,  C. Y. Chen . 
Proposed Criteria for S u bsidence Damage to 
Bu i ld ings . I N :  Rock Mechan ics in Productivity and 
Protection , Proceedings 25th Symposium on Rock 
Mechan ics, June,  1 984, C . H .  Dowding and M . M .  
S i ngh ,  eds . ,  Northwestern Un iversity, Evanston , I L, 
p .  747-755 .  
Un ited States federal and state regu latory 
authorities requ i re underground mine operators to 
adopt adequate measu res to min imize materia l  
damage to the surface caused by mine subsidence .  
Th is  paper presents an approach to define  and 
determ ine the  extent of  materia l  damage due to 
su bsidence from underground coa l m in i ng .  The 
basic steps involved in  the development of 
adequate criteria have been en u merated together 
with the approaches and methodologies used . 
Keyword (s) :  su rface structu ra l  damage, 
engineering ,  rock mechan ics, l iteratu re search 
Location (s) : Un ited States 
Bhattacharya , S . ,  M .  M .  S ingh ,  N .  N .  Moebs . M ine  
Subsidence Hazard Detection Techn ique  for 
Pennsylvan ia ' s  Anth racite Coa lfields . I N :  Research 
& Engineering Appl ications in Rock Masses, 
Proceedings 26th U . S .  Symposiu m  on Rock 
Mechan ics, South Dakota School of M ines & 
Technology, Rapid City, June  2 6-28 ,  1 985 ,  E .  
Ashworth , ed . ,  Ba lkema, Rotterdam,  p .  9 77-984.  
Th is  paper presents a methodology to screen 
potential sites in the anth racite coalfie lds to deter­
mine which sites wou ld be most appropriate to 
mon itor for impend ing subsidence activity . It  
provides an integrated mon itoring p lan for sub­
sidence detection us ing surface geophysical 
techn iques .  
Keyword (s) :  abandoned mines ,  anth racite, coal 
m in ing ,  land mitigation , mon itoring design ,  mon itor­
ing equ ipment, instru mentation , geophysica l ,  room­
and-pi l lar, land-use plann ing  
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Bh attacharya , S . ,  M .  M .  S ingh . Development of 
Subsidence Damage Criteri a .  Report on U . S .  Office 
of Su rface Min ing Contract J5 1 20 1 29 ,  Eng ineers 
I nternational ,  I nc . ,  Westmont, I L, October 1 985 ,  
226  p .  (NTIS PB90- 1 47356)  
Federal and State regu latory authorities requ i re 
underground mine operators to adopt adequate 
measu res to min imize materia l  damage (MD)  to the 
surface caused by mine subsidence . However, what 
constitutes MD to surface structu res and renewable 
resou rce lands has not been clearly defined . The 
report proposes criteria for determ in ing  MD to a 
wide range of surface structu res and renewable 
resou rces based on observed trends of selected 
data on surface effects of underground coal m in i ng  
from major coa l-produc ing reg ions in  the  Un ited 
States and abroad . G u ide l ines are provided to deter­
mine time span for post-min ing su bsidence damage . 
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Keyword (s) : coal m in ing ,  surface su bsidence 
damage,  government, land m itigation ,  structu ral 
mit igation ,  rock mechan ics, soi l  mechan ics, 
eng ineeri ng ,  prediction , soi ls,  surface structu ra l 
damage,  roads, ra i l roads, p ipe l ines ,  room-and-p i l lar, 
longwal l ,  profi le function ,  Nationa l  Coa l Board 
Location (s) :  I l l ino is ,  I l l inois Coa l Basin , Un ited 
States, Un ited Kin gdom 
Bhattacharyya , A. K.,  D. M. Sh u .  Mathematica l 
Model l i ng  of Su rface Subsidence in the Coal-Fie lds 
of New South Wales Using  a Back Analysis 
Tech n ique .  I N :  Proceedings I nternationa l  
Symposi u m  on Land S ubsidence, Dhanbad, 1 98 9 ,  
p .  20-29 .  
Keyword (s) : model i ng ,  mathematical mode l ,  
coa l min ing 
Location (s) : Austra l ia  
Bhattacharyya , A .  K . ,  M.  A .  Pattinaj a .  Mathematica l 
Model l i ng  of the Convergence and Vertica l Stress 
Patterns Around a Longwa l l  Panel  in New South 
Wales . I N :  Proceed ings,  Sympos ium on G round 
Movement and Control Related to Coal M in i ng ,  
l l lawarra ,  Austra l ia ,  August, 1 98 6, N . I .  Az iz ,  ed . ,  
Austra las ian I nstitute of Min ing  a n d  Meta l l u rgy, p .  
1 75- 1 8 1 . 
Mathematica l  model ing was carried out to 
determine  the probable convergence and vertical 
stress patterns arou nd a retreat ing longwal l  panel  in  
an  u n derg rou nd  coal mine in  New South Wales . An 
"Electrical Resistance Ana logue"  and a program 
ca l led ''THREED"  based on the d isplacement of 
d isconti n u ity method were used for the model in g .  
Parts o f  t h e  obta ined resu lts are presented here and 
compared with some measurements of  corivergence 
at the s ite . The model led and measured data agree 
better qua l itatively than quantitatively.  
Keyword (s) : model i ng ,  mathematical model,  
longwa l l ,  coal m in ing ,  vertica l d isplacement 
Location (s) : . Austra l ia  
Bickley, D . ,  T .  Keptner, E .  Eisenbise,  F .  Carlson ,  R .  
Spri ngman . The Development of Environ mental 
G u idel i nes for Land  Use Pol icy, Appl icable to 
Floodprone and Mine-Subsidence-Prone Areas in 
Pennsylvan i a .  Department of Environmenta l  
Resources, Harr isbu rg ,  PA, June  1 975,  229  p.  
( NT IS  PB 249 532) 
Keyword(s) : surface water, land-use p lann ing ,  
environ ment 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  United States 
Bien iawski,  Z. T. I n -S itu Strength and Deformation 
Characteristics of Coa l .  Eng ineerin g  G eology, v. 2, 
no .  5 ,  1 968,  p. 325-340 . 
Keyword (s) : p i l lar  strength , g round contro l ,  i n  
situ test ing,  coa l m in ing  
Bien iawski ,  Z .  T .  Note on I n  S itu Testin g  of  the  
Strength of  Coal P i l lars .  Journa l  of  the  South 
African I nstitute of M in ing  and Meta l l u rgy, v .  68,  
May,  1 968 ,  p .  454-464 . 
The u n iform load and u n iform deformation 
methods are discussed and compared as two 
possible methods of in situ testing  of large coa l 
specimens .  Current i n  situ tests us ing the u n iform 
load method are described and a p i l lar  strength 
formu la is proposed for design purposes i n  South 
Africa . Complete load-deformation characteristics of 
coal are a lso discussed . 
Keyword (s) :  p i l lar  strength , in s itu test ing,  coal  
m in ing ,  mine design , rock mechan ics, geotechn ica l  
Location (s) :  South Africa 
Bien iawski , Z. T. The Effect of Specimen Size on 
Compressive Strength of  Coa l .  I nternationa l  Journa l  
of  Rock Mechan ics and Min ing Sciences & 
Geomechan ics Abstracts, v .  6, no .  4, 1 968 . 
Keyword (s) : coa l m in ing ,  lab testing ,  p i l lar  
stren gth 
Bien iawski ,  Z .  T .  In S itu Large Sca le  Testing  of 
Coa l .  I N :  Proceed ings Conference on In S itu 
I nvestigations in  Soi ls and Rocks, British 
Geotechn ica l  Society, 1 969 ,  p .  67-74.  
Keyword {s) : p i l lar  strength , g round contro l ,  
geotechn ica l ,  i n  s itu testing ,  coa l m in ing  
Location {s) : Eng land 
Bien iawski , Z .  T . ,  W. L .  Van Heerden . The 
Sign ificance of I n-S itu Tests on Large Rock 
Specimens .  I nternationa l  Journa l  of Rock Mechan ics 
and Min ing  Sciences & Geomechan ics Abstracts, v .  
1 2 , no .  4 ,  1 975,  p .  1 0 1 - 1 1 4 . 
Keyword (s) :  rock mechan ics, ground control ,  
p i l lar  strength , in s itu testing  
Bien iawski , Z .  T . ,  F .  Rafia ,  D .  A .  Newman . G roun d  
Control I nvestigations for Assessment o f  Roof 
Conditions in Coal Mines .  I N :  Rock Mech an ics : A 
State of the Art, Proceedings,  2 1 st Sympos i um on  
Rock Mechan ics, May  28-30, 1 980, D .A .  
Summers, ed . ,  Un iversity of M issouri a t  Rol l a ,  p .  
69 1 -700. 
Th is paper presents the resu lts of geotech n ica l  
investigations a imed at  assess ing  roof conditions  in  
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coal mines.  The study included d iamond core 
dri l l i ng ,  borescope observations, borehole and core 
logg ing ,  and eng ineering  geological mapping in  two 
coal m ines .  The field investigations were accom­
pan ied by reg iona l  geology studies i nvolving  aerial 
photography and l ineament ana lysis as wel l as by 
laboratory testing  of rock and coal samples .  A 
b ib l iography on roof control in coal mines is 
provided . 
Keyword (s) : roof stabi l ity, coal m in ing ,  g round 
contro l ,  i n  s itu testi ng ,  lab testing ,  rock mechan ics, 
geotech n ica l ,  photography, remote sens ing,  
model i ng  
Location {s ) : West Virg i n ia,  Appalach ian Coa l 
Region , Un ited States 
Bien iawski ,  Z. T. Improved Design of Coa l P i l lars for 
U .S .  M in i ng  Condition s .  I N :  Proceedings 1 st Annua l  
Conference on G round Control i n  M in ing ,  West 
Virg in i a  Un ivers ity, Ju ly 27-29,  1 98 1 ,  S . S .  Peng,  
ed . ,  Morgantown ,WV, p .  1 3-22 . 
Th is  paper presents the resu lts of a survey of 
room-and-p i l lar  d imensions and design practice i n  
U . S .  coal  m ines a imed a t  improving the  design 
procedu res i n  room-and-pi l lar  m in i ng .  A review is 
g iven of the current p i l lar  strength formu las, and 
suggestions are made for better use of research 
resu lts i n  eng ineering  practice .  
Keyword (s) :  coa l  min ing,  p i l lar  strength , mine 
des ign , room-and-p i l lar  
Location (s) :  Un ited States 
Bien iawski , Z. T. An Overview of G round Support 
Considerations in Room and Pi l lar  Coal M in i ng .  I N :  
Proceed ings,  Conference o n  G round Control in 
Room and P i l lar  M in ing ,  Southern I l l ino is  Un iversity 
at Carbondale,  August 6-8, 1 980, Y. P .  Chugh ,  ed . ,  
S M E-AI M E, New York, 1 982 ,  p .  95- 1 04. 
G round  support requ i rements for safe and 
economical des ign of room-and-pi l lar  coa l  min ing 
layouts are reviewed . Th e des ign methods for  mine 
roof and mine  p i l lars are discussed , and the ro le of 
the geotech n ica l  aspects are considered . It is 
shown that cu rrent support design procedu res in 
the Un ited States do not fu l ly use the latest re­
search find ings,  and the need for more effective 
technology transfer in coal mine ground contro l  is 
emphasized . Promis ing new developments in ground 
s upport are identified , and possib le research areas 
a re suggested . 
Keyword (s) : coal m in i ng ,  room-and-pi l lar ,  
g round  contro l ,  m ine design ,  geotech n ical 
Location {s) : Un ited States 
Bien iawski ,  Z. T. I mproved Design of Room-and­
Pi l lar Min ing Systems . F ina l  Report to U .S . 
Department of Energy, June,  1 982 ,  1 98 3 .  
Keyword (s) : m i n e  design ,  room-and-p i l lar  
Location (s) : Un ited States 
Bien iawski, Z. T. New Design Approach for Room­
and-Pi l lar  Coal Mines in the U . S .A .  I N :  Proceedings,  
I nternationa l  Congress on Rock Mechan ics, 
Melbourne, Austra l ia ,  1 983,  p .  E27 - E36 .  
A detai led study h a s  been made o f  t h e  Un ited 
States practice and design needs for room-and-pi l l a r  
coal m in i n g .  Although some 90% of u n derground  
coal m in i ng  in the Un ited States is by  the  room-and­
pi l lar  method, no comprehensive design procedu re 
is ava i lable for th is pu rpose . A survey of more than  
200 coal mines was conducted and typical  m in i ng  
conditions and  room-and-pi l l a r  configu rations were 
ana lyzed d u ring a 3-year research project .  S pecific 
investigations were conducted to improve the 
methods of span selection , roof support and p i l l a r  
design in  the coa l  mines . I n  particu lar, p i l l a r  
strength formulae for  coa l  m in ing  were stud ied . An 
improved procedure for room-and-pi l lar  coa l m in i ng  
in the  Un iteq States was proposed . 
Keyword(s) : coal m in ing ,  m ine  design ,  room­
and-p i l la r, rock mechan ics, roof stabi l ity, p i l lar  
strength 
Location (s) :  Un ited States 
Bien iawski, Z. T.  Rock Mechan ics Design in M in i ng  
and  Tun nel i n g .  1 984, Balkema, 272 p .  
Keyword (s ) : rock mechan ics, mine des ign , 
tu nnel l i ng  
Bien iawski, Z .  T .  Strata Control in  M inera l 
Eng ineering . Joh n Wiley & Sons,  New York, 1 986 ,  
240 p .  
Th is book covers the state-of-the-art o f  strata 
control practice in the Un ited States and abroad,  
i nc lud ing  rock bolti ng ,  longwa l l  m in ing  technology, 
and energy development. The stabi l ity of rock 
pi l lars, rockbu rsts, shaft des ign,  and rock eng ineer­
ing are described . Minera l and energy needs in the 
Un ited States are a lso deta i led . 
Keyword (s) :  g round contro l ,  longwa l l ,  roof 
stabi l ity, roof support, p i l lar  strength 
Location (s) :  Un ited States 
Bien iawski,  Z. T.  Towards A Creative Design 
Process in  M in ing .  M in ing  Eng ineering ,  November 
1 9 8 8 I v • 40 f n 0 • 1 1  , p • 1 040- 1 043 , 
After many sign ificant advances in m in ing ,  
inc lud ing development of  sophisticated methods for 
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strata characterization and n umerical model i ng  
ana lyses, the eng ineering  design process i n  m in ing  
strata control is  as  pr imitive as it was two decades 
ago.  Yet, major advances in  design methodologies 
h ave occu rred i n  other branches of eng ineeri ng .  Is 
creative design in  m in ing  a myth on ly? Are we 
de lud ing ourselves when we ta lk  about innovative 
m in i ng  design of today? Did you know that most 
design experts are often u naware of their own 
decision-making processes? This paper explores the 
methodology of creative eng ineering  design  as a 
newly recogn ized discip l ine .  
Keyword (s ) :  g round  contro l ,  m ine  design ,  
eng ineeri ng ,  geotech n ica l ,  rock mechan ics, mine 
waste 
Bischke,  R. E . ,  P. S .  Getty . A Method for Assessing 
the Potential  of Mine Subsidence at Abandoned 
M ine  S ites Th rough  the Assistance of F in ite 
E lement Model in g .  I N :  Rock Mechan ics in 
Productivity and Protection ,  Proceedings 2 5th 
Symposiu m  on Rock Mechan ics, Northwestern 
Un ivers ity, Evanston ,  I L, June  25-27,  1 984, C . H .  
Dowding a n d  M . M .  S ingh ,  eds .  S M E-AI ME ,  New 
York, p. 722-726 .  
T h e  ana lysis o f  su bsidence prone s ites reveals 
the importance of understanding and applying  a l l  of 
the parameters influenc ing mine su bsidence F in ite 
e lement model ing  is capable of incorporatin g  the 
parameters specific to each s ite, which is  an  
important shortcoming of  empirical methods . The 
f in ite e lement model  1 s  usefu lness in  interpreting  the 
in  s itu stresses with in  mines and the su rface sub­
s idence antic ipated over mined reg ions is exem­
p l ified in  the i ncreased efficiency and effectiveness 
of su bsidence prevention programs.  
Keyword (s ) :  model ing,  f in ite element, coal 
m in i ng ,  prediction,  abandoned mines,  b itu minous,  
anthracite, mu ltip le-seam extraction 
Keyword (s) :  Pen nsylvan ia ,  Appalach ian Coal 
Region,  United States 
Bise, C. J .  Pennsylvan ia 1 s  Su bsidence-Control 
G u ide l ines :  Shou ld They Be Adopted by Other 
States? M in ing  Eng ineering ,  v. 33,  November, 
1 98 1 , p. 1 623- 1 628 . 
This paper ana lyzes the Pen nsylvan ia 
Bitu minous Mine Su bsidence Act of 1 966--the on ly 
comprehensive subsidence act passed by any state . 
The appl icabi l ity of th is law to other states is a lso 
d iscussed . 
Keyword (s) : g round contro l ,  law 
Location (s) :  Pen nsylvan ia,  Appa lachian Coal 
Reg ion ,  Un ited States 
Black, R .  A . ,  A .  N .  Brown . The Measurement and  
Analysis of  Strata Movements Con nected with the  
Extraction of  a Shaft P i l lar  at  Depth . Association of 
Mine Managers of South Africa , Papers and 
Discussion , 1 960-6 1 , p .  23 1 -3 1 3 . 
Keyword (s) :  p i l lar  extraction ,  mon itorin g  
methods 
Location (s) : South Africa 
Blair, B .  E .  Physical  Properties of M ine  Rock .  Part 3 .  
U .S .  Bureau of Mines R I  5 1 30, 1 95 5 ,  6 9  p .  
Keyword (s ) : rock mechan ics, lab testin g  
Location (s) : Un ited States 
Bla i r, B. E. Physical  Properties of M ine  Rock .  Part 4 .  
U .S . Bureau of  Mines R I  5244, 1 956,  69 p .  
Keyword (s ) :  rock mechan ics ,  l ab  testing  
Location (s) :  Un ited States 
Blevins,  C. T. Horizonta l  Stress Problems in I l l i nois 
Basin  Coal  Mines .  I N :  Proceed ings,  3 rd Conference 
on G round Control Problems i n  the I l l i nois Coal 
Basin ,  August 8- 1 0, 1 990, Mt.  Vernon ,  I L, Y. P .  
Chugh ,  ed . ,  Southern I l l in ois Un ivers ity, Carbonda le ,  
1 990, p .  92-97 .  
I n  situ d i rectiona l  horizontal stresses are evident 
in u nderground mines th roughout the I l l i nois Coal 
Basin .  Evidence of these stresses exists i n  m ines in 
I nd iana,  Western Kentucky and I l l i nois . These 
stresses normal ly cause groun d  control problems in 
north-south headings,  ran g ing  from minor i ncon-
ven iences to extremely serious problems that 
· 
become the primary reason for mine  closu res . Th is  
paper covers the  fol lowing  areas relati ng  to  horizon­
ta l stresses : geological featu res, min ing methods to 
min imize horizontal stress problems dur ing develop­
ment of entries and cross cuts ,  and m in i ng  methods 
to min im ize horizonta l stress problems during  p i l l a r  
recovery . 
Keyword (s) :  coal m in ing ,  roof stabi l ity, ground  
control ,  geologic featu res, m ine  operation ,  roof 
support, roof boltin g  
Location (s) :  I l l i nois, I l l i nois Coal Basin ,  
Kentucky, I nd iana,  Un ited States 
Bloemsma, J. P . ,  E. Shackley, W. D .  Claeys . The 
Effects of Total Extraction M in ing  Methods on the 
Stabi l ity of Roads at New Den mark Col l iery .  I N :  
CO MA:  Proceed ings of Sympos ium o n  Construction 
Over Mined Areas, Pretoria ,  May 1 99 2 .  South 
African I nstitution of Civi l  Eng ineers, Republ ic  of 
South Africa , p .  1 45- 1 55 .  
The resu lts of extensive research at New 
Denmark Col l iery into the caving  characteristics of 
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the overburden strata and the development of 
su rface subsidence above longwal l  and shortwal l  
panels are presented . .  The  resu lts are compared 
with other, i ndustry-wide research; empir ical 
methods for pred icti ng  futu re su bsidence are 
h igh l ighted . O n  a n u mber of occas ions publ ic  roads 
were u ndermined and the resu lt ing minor damage 
correlated to the influenc ing su bsidence parameters, 
such as induced ground  stra ins  and ti lts . This paper 
describes how confident predictions can be made 
by relati n g  the extent of anticipated damage to road 
a l ign ments and  su rfaces to expected subsidence 
and  p la n n ed tota l extraction m in ing  layouts . 
Keyword (s ) :  coal m in i ng ,  longwal l ,  shortwa l l ,  
p red iction ,  roads, l aw, surface structura l damage, 
vert ical  d isplacement, horizontal d isplacement, 
geologic features 
Location (s) : South Africa 
Badus ,  T .  M .  Relationsh ip  Between the Clay Fabric 
of Roof Sha les and Roof Col lapse i n  Mines of the 
Herri n Coal, Southern I l l i nois . I N :  Rock Mechan ics 
as a G u ide to Efficient Uti l ization of Natural 
Resou rces, Proceedings 30th U . S .  Symposium,  
1 989 ,  A . W .  Kha i r, ed . ,  Balkema, Rotterdam, p .  
605-6 1 2 . 
The strength of roof sha les is, i n  part, a 
fu nction of the preferred orientation of clay minerals 
with in  them . Therefore, ana lysis of c lay fabric 
u nder both a i r-dried and hydrated condit ions shou ld 
be h elpfu l i n  u nderstand ing  roof sha le fa i l u re .  Core 
samples were col lected from the Energy, Anna ,  and 
Lawson shales, which are loca l ly present as roof 
sha les of the Herr in No .  6 coa l of southern I l l i no is .  
The C lay Fabric I ndex (CF I )  was measured for  30  
core samples, us ing  X-ray d iffractometry, to  i nves­
tigate the relationsh ip  between clay fabric and roof 
col l apse in coal  m ines .  G reater C FI va lues i nd icate a 
weaker preferred orientation among clay minera ls, 
which genera l ly resu lts in  a weaker inter-gra in  bond .  
Keyword (s ) :  roof stabi l ity, coa l m in ing ,  geologic 
featu res, lab testing  
Location (s ) : I l l i nois, I l l i nois Coal Bas in ,  Un ited 
States 
Bodz iony, J . ,  J .  Litwin iszyn , A. Smolarski . New 
Research I nto Rock Masses Treated as Media 
Characterized by Stoch astic Equations .  I N :  
Proceed i n gs ,  I nternationa l  Conference o n  Strata 
Contro l ,  Paris, 1 960, p. 1 37- 1 50 .  
Keyword (s ) :  model i ng ,  empir ical model, 
stochastic model 
Bojarski, Z . ,  A .  Szczurowski . Report Prepared for 
the Coa l Committee, U . N .  Economic Commission 
for Europe on "The Exchange of Experiences i n  the 
F ie ld of Coal  Working  Under Bu i ld ings and  I ndustria l  
Plants . 11 Central M in ing  I nstitute, Research Center 
for the Deposit and Surface Protection ,  Katowice, 
Poland,  December 1 978,  27  p.  
This report conta ins deta i led information on  the 
min ing of safety p i l lars .  
Keyword (s} : vertical d isplacement, horizontal  
displacement, mine design ,  prediction , pi l lar ex­
traction ,  su rface structu ral damage, coal m in i ng  
Location (s} : Poland,  Europe 
Bonel l ,  R. A.  UK Longwal ls ,  A Review of Strata 
Control Experience and Current Trends .  I N :  
Proceedings, 6th I nternationa l  Strata Control 
Conference,  Paper 25 ,  Banff, Can ada ,  1 97 7 . 
Keyword(s} : longwal l ,  grou nd  contro l ,  coal 
m in ing  
Location (s} : Un ited Kingdom 
Bonte, A.  Min ing Subsidence and  G eology. l ndustrie 
M inerale, St. Etien ne,  France, v. 6 1 , n o .  1 0, 1 97 9 ,  
p .  53 1 -541 . 
Keyword (s} : geologic  featu res 
Booth , C. J .  The Hydrogeologica l  I mpact of Deep 
Longwa l l  M in ing ,  Appa lach ian Plateau ,  Penn­
sylvan ia .  IN :  Proceedings,  Nationa l  Water We l l  
Association Conference on the  I mpact of  M in i ng  on  
G round  Water, Denver, CO,  1 984, p .  3 60-3 7 9 .  
A n  investigation of the Barnes a n d  Tucker 
Company 1s  Lancash i re No.  20 Mine,  Cambria 
County, Pen nsylvan ia ,  was conducted to provide a 
conceptua l  model and cal ibration data for the 
development of a n umerical model  of g roundwater 
flow associated with u nderground coa l m in i ng  i n  
the Appalach ian Pl�teau .  Th is  paper presents some 
hydrolog ic resu lts and conclus ions re lating  to the 
grou ndwater i nflow to th e mine and the impact of 
the mine on overlying aqu ifers . 
Keyword (s} : subsu rface water, hydrology, 
longwal l ,  coa l m in ing ,  model i ng ,  geologic featu res, 
inflow 
Location (s} :  Pen nsylvan ia ,  Appa lach ian  Coa l 
Reg ion,  Un ited States 
Booth, C. J .  A Numerical Model of G roundwater 
Flow Associated with an Underground Coal M ine  i n  
the  Appalach ian Plateau ,  Pen nsylvan i a .  Ph . D .  
Dissertation,  1 984, The Pen nsylvan ia State 
Un iversity, Un iversity Park, 458 p .  
38 
Keyword (s) : model i ng ,  hydrology, subsurface 
water, coal m in i ng  
Location (s ) :  Pennsylvan ia ,  Appalach ian  Coal 
Reg ion , Un ited States 
Booth ,  C .  J .  Strata-Movement Concepts and the 
Hydrogeological I mpact of Underground Coa l 
M i n i n g .  G round  Water, v. 24, n o .  4, 1 986,  p .  
507-5 1 5 . 
A review of m in i ng-eng ineeri ng  concepts and  
stud ies i n  m ine  hydrology suggests a conceptua l  
model l ink ing the strata-deformation ,  hydrau l ic 
p roperty changes, and groundwater impacts due to 
u ndergroun d  coal m in i ng .  A study of a deep coal  
mine i n  the Appa lach ian Plateau ,  Pennsylvan ia ,  
i ndicated ( 1 }  probable hydrau l ic connections 
between the mine and sha l low aqu ifers in  a prin ­
c ipa l  val ley area; (2 }  n o  obvious� response of  water 
levels in sha l low aqu ifers to undermin ing  by sup­
ported headings; and (3 } rapid,  considerable 
decl ines i n  such water levels i n  response to nearby 
longwal l  m i n i ng .  These resu lts are consistent with 
the conceptua l  mode l .  
Keyword (s) : subsurface water, hydrology, coal 
m in i ng ,  model i ng ,  overburden,  geologic featu res, 
i n flow 
Locatio n (s } :  Pen nsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Booth , C .  J . ,  J .  A. Saric .  The Effects of Abandoned 
Underground  M ines on G round Water, Sa l ine 
Cou nty, I l l i no is .  I N :  Proceedings, National  
Symposiu m  on M in i ng ,  Hydrology, Sedimentology, 
and  Reclamation ,  Spri ngfield, I L, December 7- 1 1 ,  
1 98 7 ,  Un ivers ity of Kentucky, Lexington ,  UKY 
B U 1 45, p .  243-248 . 
The hydrogeological effects of abandoned 
u n derground  coal mines were stud ied at the town 
of M u ddy, Sa l ine  Cou nty, I l l i no is .  Muddy is 
u n derla in  by two abandoned m ines at depths of 
300 and 400 feet, and exh ibits subsidence 
featu res . Water levels were measured in g lacia l  and 
bedrock aqu ifer wel ls i n  1 985- 1 98 6 .  The water 
table fol lows the nearly flat topography.  The 
bedrock piezometric surface exh ibits anomal ies 
interpreted as being due to leakage of water from 
g lac ia l  to bedrock aqu ifers, possibly th rough  well 
casings  and from sha l low bedrock aqu ifers to the 
m ine  because of subsidence- induced fractu ring .  The 
bedrock heads over the mine  itself are anomalously 
low, i nd icating  that the mine  is absorb ing the u p­
ward reg iona l  g rou ndwater d ischarge . No effects of 
subsidence were noted on the transmissivities 
determ ined from s imple pumping tests of wel ls .  The 
groundwater i n  the g lacia l  aqu ifer is of i ntermediate 
hydrochemical facies . In the bedrock, it is 
dominated by Na and HC03, consistent with a 
reg ional-u pwel l i ng  ground-ater provenance .  The 
chemistry also i ndicates some mixi ng  between 
glacial  and bedrock waters . The impacts at Muddy 
are minor but ind icate that abandoned underground  
mines interfere with groundwater flow patterns, 
and they have the potentia l  for s ig n if icant impacts 
on local g roundwater resou rces and  the migration of 
poor qua l ity water i nto aqu ifers . 
Keyword (s) :  hydrology, subsurface water, 
abandoned mines,  coa l m in ing ,  overbu rden,  
geologic featu res, inflow 
Location (s ) :  I l l i nois, I l l inois Coal Bas in ,  Un ited 
States 
Booth , C. J . ,  E. D. Spande,  D. F. Brutcher, B. B .  
Mehnert .  Hydrogeological Response to  Longwal l  
Coal M in ing  i n  Il l i no is .  Geological Society of 
America Abstracts with Programs, 1 989 ,  p. A230.  
Underground coal min ing i n  the I l l i nois Basin 
has been ma in ly dry, with l ittle impact on the minor  
aqu ifers present .  Longwal l  m in ing ,  however, which 
causes rap id su bsidence and  strata fracturi ng  and is  
known ( in  Appalach ia )  to affect aqu ifer properties 
and groundwater flow, has been introduced recently 
to the area . This study, u nder the I l l i nois M ine  
Subsidence Research Program,  is of  the aqu ifer 
response to longwa l l  m in i ng  in this new 
hydrogeological settin g .  
Keyword (s} :  hydrology, subsurface water, coal 
m ill ing ,  longwal l ,  overburden,  active m ines 
Location (s) :  I l l i nois,  I l l i nois Coal Basin ,  Un ited 
States 
Booth , C. J . ,  E. D. Spande, D .  F. Brutcher, B. B .  
Mehn ert .  Effects of Longwal l- l nduced S u bsidence 
on G roundwater Hydrology in Southern I l l i no is .  An 
I ndustry Under S iege : Some Facts About 
Su bsidence, American M in ing  Congress and I l l ino is  
Coa l Association Seminar, February 1 5- 1 6, 1 990, 
Mt . Vernon ,  I L. 
H istorica l ly, u nderground coa l m in i ng  i n  I l l i nois 
has been d ry and had l ittle effect on the m inor 
aqu ifers present . However, h igh-extraction m in i ng ,  
which has been observed i n  Appalach ia  to  con­
siderably affect aqu ifer properties and groundwater 
flow, is being  increas ing ly used in the area . This 
study, under the I l l i nois Mine S u bsidence Research 
Program, is  examin ing  aqu ifer response to longwa l l  
min ing in  I l l i nois . 
Keyword (s) :  longwal l ,  hydrology, subsurface 
water, coal m in ing ,  active mines, geologic features 
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Location (s ) : I l l i nois,  I l l ino is Coal Bas in , Un ited 
States 
Booth , C. J . ,  E. D. S pande .  Piezometric and Aqu ifer 
Property Changes Above S u bsid ing  Longwal l  
Pane ls ,  Southern I l l i no is .  IN :  EOS,  Transactions of 
American G eophysical  Un ion S pr ing Meeting ,  
Ba ltimore, M D, May  30 ,  1 990, v .  7 1 ,  no .  1 7 , 
1 990, p .  506 (abstract of poster session ) .  
Lon gwal l  m in i ng ,  a recent featu re i n  I l l i nois,  
c reates rapid ground  su bsidence over the 
recta n g u lar  panels of coa l extracted; the associated 
fractur ing changes the aqu ifer properties and 
piezometric levels i n  the overlying strata . I n  th is  
I l l i nois M ine  S u bsidence Research Program study 
( 1 988 - 1 990) ,  wel ls and piezometers were moni ­
tored and  aqu ifer properties determined before and 
after su bsidence over a longwal l  m ine  700 feet 
deep . 
Keyword (s) : hydrology, subsurface water, 
longwa l l ,  geologic features, mon itoring methods, 
coal  m in i ng  
Location (s ) :  I l l i nois, I l l i nois Coa l Bas in , Un ited 
States 
Booth , C .  J . ,  E. D. Spande .  Response of 
G roundwater Hydrology to Subsidence Above a 
Lon gwal l  M ine  in I l l i nois . I N :  Mine Subsidence -
Prediction and  Contro l ,  Nationa l  Symposiu m ,  33rd 
An n u al Meeting  Association of Eng ineering  
G eologists, October 2-3,  1 990, Pittsbu rgh ,  PA, 
C . D .  E l ifrits, ed . ,  p .  1 1 3- 1 1 8 . 
Th is study examined the effects of longwa l l­
related subsidence and  fracturi n g  on aqu ifer 
properties and potentiometric levels above an 
active, 7 25-foot-deep longwal l  m ine  in  southern 
I l l i nois . 
Keyword (s) : hydrology, overburden,  longwal l ,  
subsu rface water, active mines,  coa l min ing 
Location (s) :  I l l i nois, I l l i nois Coa l Bas in ,  Un ited 
States 
Booth , C .  J . ,  E. D. Spande .  Changes in  Hydrau l ic 
Properties of Strata Over Active Longwal l  M in ing ,  
I l l in ois,  USA.  I N :  Proceedings, 4th Internationa l  
Mine Water Congress, Portschach,  Austria ,  
September, 1 99 1 ,  p .  1 63- 1 74. 
Th is  study examined potentiometric and 
h ydrau l ic  property changes caused by active 
longwa l l  m in i ng  at two s ites in  I l l inois . 
Keyword (s) : coal m in ing ,  active mines,  
longwa l l ,  hydrology, subsurface water, overbu rden, 
mon itori ng  methods, geologic featu res 
Location (s) : I l l i nois, I l l i nois Coal Bas in ,  Un ited 
States 
Booth , C. J . ,  P. J .  Carpenter, E. D .  S pande ,  J .  T. 
Kel leher, B. B .  Mehnert, D .  J .  Van Roosendaa l .  
Geological Control of the Hydrogeolog ical  Effects of 
Longwal l  M in in g :  New I nterpretations from Recent 
I MSRP  Studies in  I l l i no is .  I N :  Geological  Society of 
America, Abstracts with Programs, No. 1 7783 ,  
October, 1 99 1 ,  p .  A39 .  
I l l i nois Mine S u bsidence Research Program 
stud ies show that the hydrogeological impact of 
. longwal l  coal  min ing is princi pa l ly mediated by 
subsidence-induced changes in  hydra u l ic  properties, 
and th us differs with l ithologic variations,  from u n it 
to un it and between s ites . This model is supported 
by I MS R P  resu lts from potentiometric mon itoring ,  
pre- and  post-su bsidence determination of  hydrau l ic  
properties, and surface and subsurface stra in  
characterization over two active longwal l  m ines .  
Keyword (s } :  hydrology, geologic features, 
longwal l ,  coal m in ing ,  monitori ng  methods, active 
mines, vertical d isplacement, horizontal 
d isplacement 
Location (s) :  I l l inois,  I l l inois Coal Basi n ,  Un ited 
States 
Booth , C. J .  Hydrogeologic Impacts of Underground  
( Longwa l l }  M in ing  in the  I l l i nois Basin . I N :  
Proceed ings Th ird Workshop o n  Su rface S u bsidence 
Due to Underground Min ing ,  June  1 -4, 1 99 2 ,  S .S .  
Peng,  ed . ,  Morgantown , WV, p .  222-227 . 
Hydrogeolog ical impacts of active longwal l  
min ing were studied at two s ites i n  I l l i no is .  At the 
s ite with the more transmissive sandstone  aqu ifer, 
aqu ifer permeabi l ities increased an order of 
magn itude due to subsidence . Piezometric levels 
decl i ned with subsidence due to increased poros ity, 
and ahead of min ing  due to a transmitted d raw­
down . Levels recovered rapid ly at first and fu l ly 
over 2 years . At th e s ite with th e less transm issive 
aqu ifer, impacts were s imi lar  except that recovery 
has been l imited . Local  aqu ifer enhancement 
through increased yie ld can occur, but on ly where 
the aqu ifer is transmissive enough for recovery . 
Keyword (s) : longwal l ,  hydrology, subsurface 
water, geolog ic featu res, active m ines,  coal m in i ng ,  
mon itor ing methods 
Location (s) : Il li nois,  I l l ino is Coal Basin ,  Un ited 
States 
Booth,  C. J . ,  E. D. Spande.  Potentiornetric and 
Aqu ifer Property Changes Above S u bs id ing 
Longwa l l  Mine Panels, I l l ino is Bas in  Coalfie l d .  
40 
G round  Water Journa l ,  v .  30, No .  3, May-J u ne 
1 992 ,  p .  3 62-3 68 .  
This study examined the response of 
potentiometric levels and hydra u l ic properties to 
subsidence caused by a 725-foot-deep active 
longwal l  m ine  in southern I l l i no is .  
Keyword (s) : hydrology, subsurface water, 
overburden,  coa l m in ing ,  longwa l l ,  active mines, 
geologic featu res 
Location (s) : I l l inois, I l l inois Coal Bas in , Un ited 
States 
Boreck, D. L. I n creas ing the Recovery of Th ick and 
Closely Spaced Coal Seams in  the Western US-­
Some G eologic and Longwal l  Considerations .  
M in ing  Eng ineering ,  March 1 988 ,  p .  1 68- 1 73 . 
Th is paper examines some of the geolog ic 
factors that wou ld affect development of th ick or  
c losely spaced seams in the western Un ited S tates . 
I n  an effort to i ncrease future recovery from such 
deposits, the USBM ana lyzed the potentia l  for 
i ncorporatin g  th ree th ick-seam min ing  methods into 
western coal m ines . These methods are h igh-face 
longwal l ,  mu lti-sl ice longwa l l ,  and longwal l  cavin g .  
Keyword (s) : geologic featu res, coal m in ing ,  
longwal l ,  m u ltip le-seam extraction ,  roof stabi l ity, 
m ine  safety 
Location (s) :  Colorado,  Wyoming,  Utah ,  Rocky 
Mou nta in  Coal Reg ion,  Un ited States 
Borecki,  M . ,  A. Kidyib inski . Coal Strength and 
Bearin g  Capacity of Coa l  P i l lars .  I N :  Proceedings,  
2nd I nternationa l  Congress on Rock Mechan ics, 
1 970, v .  2 ,  Paper No. 3-2 1 ,  p.  1 45- 1 52 .  
Keyword (s ) :  p i l l ar  strength , rock mechan ics, 
coal m in ing  
Born , D .  D .  Lon gwal l  M in ing  Near  An lmpoundment 
Emban kment--A Case Study.  I N :  Proceedings,  2nd 
Workshop on Su rface Su bsidence Due to 
Underground M in ing ,  Morgantown , WV, June  9- 1 1 ,  
1 986,  S . S .  Peng ,  ed . ,  West Virg in ia Un iversity, p .  
23 1 -233 . 
Th is paper describes condit ions of cover and  
strata in  the  Pittsburgh  seam where a body of 
impou nded water was safely undermined . 
Keyword (s} : longwal l ,  surface water, coal 
m in i ng ,  inflow 
Location (s ) :  West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Boscard in ,  M .  D . ,  E. J .  Cord ing,  T. D. O ' Rourke. 
Case s·tudies of Bu i ld ing Behavior in  Response to 
Adjacent Excavation . Report No .  UMTA-
I L06-0043-78-2, U . S .  Department of 
Transportation,  Wash ington , DC, 1 978 .  
Keyword (s ) :  eng ineeri ng ,  surface structural 
damage 
Location (s) :  Un ited States 
Boscard in ,  M. D. Bu i ld ing Response to Excavation­
Induced G round Movements . Ph . D .  Thesis,  
Un iversity of I l l i nois, Urbana-Champa ign ,  1 980, 
279 p.  
The study showed that the most usefu l 
relationsh ips between bu i ld i ng  damage and  
distortions could be establ ished when  both lateral 
stra ins and angu lar  d istortions were measured . 
However, some estimate of the latera l g round 
stra ins affect ing a structu re cou ld be made based 
upon the settlement slopes if the settlement profi le 
shape and the s ize and position of the structure 
with respect to the settlement profi le  were known . 
Once a reasonable estimate of the g round move­
ments caused by an excavation was made,  the 
figu res and tables presented in th is  report could be 
used to estimate the response of a structu re and  
the resu lti ng damage . 
Keyword (s) : surface structural damage, 
tunnel l i ng ,  i nstru mentation,  eng ineeri ng ,  
arch itectu re, model ing ,  horizontal d isplacement, 
construction 
_Location (s) : Un ited States, Dist;ict of Colu mbia ,  
I l l i nois 
Boscard in ,  M. D., I .  Ah med . S u bsidence Effects on 
Bu i ld ings and Bu ried Pipel ines . I N :  Proceedings Th i rd 
Workshop on Surface Su bsidence Due to Under­
ground Min ing ,  June  1 -4, 1 992 ,  S . S .  Peng ,  ed . ,  
Morgantown, WV, p .  1 06- 1 1 2 . 
Th is paper reviews subsidence- induced g round  
movements, how these grou nd movements a re 
transmitted to and accommodated by bu i ld ings and  
bu ried p ipel ines, and  how these structu res may 
alter ground movements rel ative to free f ield ,  
subsidence- induced ground movements . 
Keyword (s) : pipel ines, su rface structu ra l 
damage, ut i l ities, prediction,  structura l mit igation,  
so i ls,  active mines, abandoned mines 
Bosworth , R .  G .  What Duty to Su pport the S u rface 
Does a S u bsidence Owner Owe? AI M E  Techn ica l  
Publ ication No.  1 1 6, May, 1 928 ,  44 p.  
Keyword (s ) :  surface structural damage,  land­
use p lann ing,  mine operation 
Location (s) :  Un ited States 
4 1  
Bou kharov, G .  N . ,  M .  W.  Chanda . A Theoretical  
Study Into Damage to Pi l l a rs Caused by Blasting .  
I N :  COMA:  Proceed ings of Symposiu m  on 
Construction Over Mined Areas, Pretoria, May 
1 99 2 .  South African I nstitution of Civi l Eng ineers, 
Republ ic  of South Africa, p. 53-57 .  
S u rface su bsidence when m in i ng  is dependent 
on the behaviour  of the p i l lars su pport ing the over­
lying  strata . Different factors infl uence p i l lar  
strength; one of them is the damage caused to the 
p i l l a rs from cracks induced or propagated in the 
rock by b lasti ng .  Th is paper presents an  attempt to 
estimate the th ickness of a damage zone to the 
pi l lar caused by blasting .  
Keyword (s ) :  model ing ,  p i l l a r  strength,  
eng ineering ,  mathematical model 
Sowders ,  J . ,  M. G abr, G .  P igott . Analysis of a 
Landf i l l  Over a Deep Mined Area : A Case Study. I N :  
Proceedings Th i rd Workshop o n  Surface Su bsidence 
Due to Underground Min ing ,  June  1 -4, 1 992,  S .S .  
Peng ,  ed . ,  Morgantown , WV, p .  1 46- 1 57 .  
A case study describ ing t h e  expansion o f  a 
l andf i l l  over a deep mined area is described . F in ite 
element ana lyses were used to predict the surface 
su bsidence and associated tensi le strains  on the 
landfi l l  l i ner  of the expansion s ite . A synthetica l ly 
reinforced l iner  system is recommended to min imize 
the impact of subsurface movements on the 
integrity of the l iner system .  
Keyword (s ) :  f in ite e lement, pred iction ,  geologic 
featu res, coal m in i ng ,  abandoned mines, over­
bu rden , rock mechan ics 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Sowders, J. J . , Jr . , S. C. Lee . Effect of Longwal l  
M in i ng  S u bsidence on the  Stabi l ity of  Su rface 
S lopes . I N :  Proceed ings,  7th I nternationa l  
Conference on G round Control in  Min ing ,  August 
3-5 ,  1 98 8 ,  S .S .  Peng,  ed . ,  Morgantown , WV, p .  
3 1 4-320.  
The stab i l ity of  surface slopes undergoing 
su bsidence due to longwa l l  m in ing  was investigated 
to examine  the effect of subsidence on the stabi l ity 
of the s lopes . Stabi l ity ana lyses were performed on 
a l l  slopes a long both long itud ina l  and transverse 
sections of the longwal l  panel  before and after 
subsidence . Both fi n ite- and inf in ite-slope ana lyses 
were performed with both dra ined and undra ined 
cases . The resu lts i nd icated that the changes in the 
stab i l ity of slopes due to subsidence were 
ins ign ificant for the cases ana lyzed . Although 
s ign if icant latera l g round movements were 
recorded, these were not attributed to s lope fa i l u re .  
Explanations for these movements are presented . 
Keyword (s) :  longwa l l ,  geologic featu res, coal 
m in ing ,  active mines, instru mentation ,  survey 
methods, soi ls 
Location(s) : West Virg in ia ,  Appalach ian  Coal 
Region , United States 
Bowman,  C. H . , M .  G .  Karfakis, E. Topuz ,  C .  
Haycocks . Backfi l l i ng i n  Coal M in ing  - A State-of­
the-Art Review. I N :  Mine Subsidence - Prediction 
and Control,  Nationa l  Symposiu m ,  33rd An nua l  
Meeting  Association of  Eng ineering  Geologists, 
October 2-3, 1 990, C . D .  E l ifrits , ed . ,  Pittsbu rg h ,  
PA, p .  1 93-205 . 
The effect of subsidence can be m itigated by 
the p lacement of the correct f i l l  d u ring and/or after 
the m in ing  operation . F i l ls ,  if properly selected and  
placed for the  preva i l i ng  geologic and m in ing  
cond itions, have the  potentia l ,  du ri ng  the m in i ng  
operation , of  function ing as a lternative grou nd  
control measures, i ncreasing coa l recovery, and  
enhancing venti lation contro l .  Dur ing post­
abandon ment, they serve the purpose of m in im iz i ng  
subsidence, preserving the  hydrologic reg ime,  
m in imiz ing  u nderground f ires, and enhanc ing post­
min ing su rface land use and va l ue .  
Keyword (s ) :  coal m in i ng ,  mine fires, part ia l  
extraction ,  room-and-pi l lar, longwa l l ,  backfi l l i ng ,  
active mines, hydrau l ic backfi l l i ng ,  pneu matic 
backfi l l i ng ,  stowing, mine waste 
Location (s) : Un ited States 
Boyu m, B. H. Subsidence Case H istories in  
Mich igan Mines.  I N :  Proceedings,  4th Sympos ium 
on Rock Mechanics, State Col lege, PA, March 30-
Apri l  1 ,  1 96 1 . Bu l letin  M ineral I ndustry Experiment 
Station ,  v .  76,  November, 1 96 1 ,  p .  1 9-57 ;  
Th is report covers the  cumu lative stud ies on  
m ine  su bsidence in Mich igan u nderground iron 
mines, with particu lar  emphasis on the 
i nvestigations by the Cleveland-Cl iffs I ron 
Company. Most of the information and effort h ave 
been related to the Marquette I ron Range,  the 
oldest in  the Lake Su perior reg ion . A h istorica l  
summary is presented with a brief description of the 
geology of Range . Sketches of some early 
subsidence case h istories are related . 
Keyword (s ) :  rock mechan ics, seismic, meta l 
m in ing ,  p i l lar  strength , mon itoring methods, 
mon itoring equ ipment, subsidence research 
Location (s) :  Mich igan,  Un ited States 
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Brackley, I .  J .  A . ,  P. N .  Rosewarne, L. A .  G rady. A 
Pred iction of S u rface S u bsidence Caused by 
Lowerin g  the Water-Table i n  Dolomite . I N :  
Proceedi ngs, 3rd Internationa l  Symposium on 
G rou nd  S u bsidence, Ven ice, Italy, 1 984. 
Keyword (s) :  prediction ,  subsurface water, 
geologic features, fl u id extraction 
Brackley, I .  J .  A .  Numerical Pred iction of Dolomitic 
S u bsidence Caused by Mine  Dewatering . I N :  
Proceedi ngs, SANGORM Sympos ium,  October 2 1 ,  
1 986,  I nternationa l  Society for Rock Mechan ics, 
South African Nationa l  G rou p,  Sandton p. 1 1 5- 1 2 1 . 
The dewater ing of hydrolog ical compartments 
by deep gold m ines h as resu lted in dolomitic s ink­
h oles and subsidence . G reat d ifficu lty has been 
experienced in  locating  a reas of h igh  risk, but 
certa in empirical  criteria h ave been developed . 
Keyword (s) :  subsurface water, pred iction , meta l 
m in i ng ,  su rface structura l damage 
Location (s) : South Africa 
Brady, B. H .  Rock Mechan ics and G round Control 
for Underground Min ing  and Construction . I N :  Rock 
Mech an ics as a G u ide for Efficient Uti l ization of 
Natu ra l Resources, Proceedings of the 30th U . S .  
Symposiu m ,  1 989 ,  A . W .  Kha i r, ed . ,  Ba lkema,  
Rotterdam,  p .  5- 1 7 . 
Recent improvements are described in several 
techn iq ues for g round control in  underground 
m in in g .  Promis ing methods for  ana lysis and 
m it igation of rockbu rsts are d iscussed . Methods of 
assess ing damage to underground excavations from 
repetitive seismic loading are reviewed . Ana lysis of 
m in ing- induced surface subsidence is d iscussed . 
Keyword (s) :  rock mechan ics, g round contro l ,  
eng ineeri ng ,  longwal l ,  overburden , grouting ,  
geolog ic features, coa l m in ing ,  pred iction , meta l 
m in i ng ,  model ing  
Location (s) : Austra l ia ,  F in land 
Brady, B .  T . ,  F .  G .  Horino,  W.  I .  Duva l l .  The Use of 
Rock Belts or Wire Rope to I ncrease the Strength of 
Fractured Model P i l lars .  U . S .  Bureau of M ines R I  
7568 ,  1 97 1 ,  24 p .  
Keyword (s) : p i l l a r  strength 
Location (s) : Un ited States 
Brady, S .  D. S u bsidence in the Sewickley Bed of 
Bituminous Coal Caused by Removing  the 
Pittsburg h  Bed i n  Monongal ia  County, West 
Virg in ia . Transactions,  AI M E, Coa l Division , 
Fa i rmont Meeting ,  March 26-27,  1 93 1 . 
The author concludes that coord ination of m ine  
designs and p i l lar  pu l l i ng  can protect overlying  and  
underlying  seams . The  u pper seam must be  
developed s imu ltaneously with the  lower, but 
retreat p i l lari ng  of the lower shou ld be after p i l l a ri n g  
of t h e  u pper seam .  
Keyword (s) : m ine  design ,  p i l lar  extraction ,  
mu ltip le-seam extraction , room-and-p i l lar ,  p i l l a r  
strength , coa l  min ing,  b ituminous 
Location (s} : West Virg in i a ,  Appalach ian  Coal 
Reg ion , Un ited States 
Branham,  K.  L. · Cavity Detection Usi n g  H igh­
Resol ution Seismic Reflection Methods . M . S .  
Thesis ,  1 984, Southwest M issou ri State Un iversity, 
Springfie ld, 75 p. (NTIS P890-264565}  
S u rface col lapses due to abandoned coa l  m ines 
are a problem of great concern i n  southwest 
Kansas . A rel iable and cost-efficient method for 
detectin g  m ined cavities is  needed to eva luate 
prospective construction s ites . H igh-resolution 
reflection was used successfu l ly to detect m ined 
cavities in a 3-foot-th ick coal seam at depths of 2 9  
and 4 3  feet . A dominant  frequency of 275 H z  was 
atta ined and reflections from the top and bottom of 
the coal seam were resolved . The reflected event 
from the top of the coa l seam exh ib ited reduced 
ampl itudes over water and coal ash s lu rry-f i l led 
cav ities . The reflected event  from the bottom of the 
coa l seam exh ibited a velocity pu l l-u p beneath 
water and s lu rry-fi l led cavities . 
Keyword (s} :  seismic, abandoned mines, coal 
m in ing ,  l and-use p lann i ng  
Location (s) :  Kansas, Un ited States 
Branthoover and Richards, I n c .  F ina l  Report Mine  
Subsidence Control Project SL452- 1 02 . 2 ,  Marion 
Elementary and Bel lmar Jun ior High Schools, Bel le  
Vernon Area School District, Wash ington Townsh ip ,  
Fayette Cou nty, Pennsylva n i a .  Prepared for 
Commonwealth of Pen nsylvan i a .  Department of 
Environ mental Resources, Harrisburg ,  PA, 1 97 9 .  
Keyword (s) : surface structural damage 
Location (s} : Pennsylva n ia ,  Appalach ian  Coal 
Reg ion , Un ited States 
Branthoover, G .  L . , J .  W .  R ichards .  M ine  
Subsidence Control Using Foundation G routi ng ,  
Southwestern Pen nsylvan i a .  IN :  Proceed ings 1 8th 
An nua l  Eng ineering  Geology Soi ls Eng ineeri ng  
Sympos ium,  Boise, I D, Apri l  2-4, 1 980, 
Pen nsylvan ia Department of Envi ron mental 
Resou rces, p .  323-337 .  
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This paper overviews a subsidence investigation 
program that inc ludes core borings,  borehole 
televis ion , and rock mechan ics . I t  a lso describes 
i nstru mentation and stabi l ization of structu res . 
Keyword (s} : su rface structu ral damage, rock 
mechan ics, foundations, structu ral m itigation,  
a rch itecture,  i nstrumentation 
Location (s ) :  Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Brass, J .  F. F i rst Modern Longwal l  in Alabama . 
M i n i n g  Congress Journa l ,  October, 1 980, p .  25-30. 
At the t ime of th is a rticle, there were a roun d  85  
longwa l l  i n sta l lation s  operating  i n  th i s  country, so a 
new one was hardly head l ine news . However, J im 
Walter Resou rces p lanned to  insta l l  1 1  longwal ls i n  
a part of  the cou ntry better known for cotton 
g rowing  than  advanced technology m in i ng .  I n deed, 
when the fi rst of these longwa l l  u n its started up ,  
t he  next nearest working  longwal l  was about 400 
m iles away. Described here a re some of the 
considerat ions i nvolved i n  introduc ing the new 
system ,  as wel l  as the early operating  experience . 
Keyword (s) : longwal l ,  coal m in ing ,  m ine  
operation , active m ines / 
Location (s} :  Alabama,  Un ited States 
Bra u n er, G .  Critica l  Review of Present-Day Theory 
and  Practices i n  the Predict ion of Surface 
Deformation Caused by M in in g .  U . S .  Bureau of 
M ines G rant  GO 1 00749 M I N-28,  Mich igan 
Technological  Un iversity, December, 1 969,  57  p .  
The  auth or reviews subsidence prediction  
methods with an  emphasis on European methods; 
these a re divided i nto two groups, on the basis of 
mathematical expressions either for the trough 
profi le or  for  the i nfluence of inf in itesimal  extraction 
e lements .  
Keyword (s} : vertical  d isplacement, horizonta l 
d isplacement, prediction,  prediction theories, 
mathematical model 
Bra u n er, G .  S u bsidence Due to Undergroun d  M in ing  
( I n  Two Parts } .  1 .  Theory and  Practices in  
Predictin g  S u rface Deformation . U.S.  Bureau of 
M ines I C  85 7 1 ,  1 973,  56 p .  
The author detai ls  two fundamental methods of 
pred icting  mine  subsidence : the trough profi le and 
the i nf luence of  infi n itesima l  extraction elements . 
Also i nc luded a re ana lyses of horizonta l  dis­
p lacements and deformations,  surface d isp lace­
ments over inc l ined seams, time effects, and 
physica l and  abstract models .  
Keyword {s) : empirical model,  vertical d is­
placement, horizontal d isplacement, prediction , 
prediction theories, su rface structural damage, 
grou nd control ,  profi le fu nction,  influence fun ction , 
horizontal disp lacement, t ime factor 
Location {s) : Europe, Soviet Un ion 
Brau ner, G. Subsidence Due to Underground M in i ng  
( I n  Two Parts) . 2 .  G round Movements and M in i ng  
Damage . U . S .  Bureau of  M ines I C  8572,  1 973,  
53 p .  
The author d iscusses the  practical impl ications 
of ground movements involving surface structures 
and shafts, inc lud ing structural and underground  
precautions against m in i ng  damage . 
Keyword {s) : su rface structural damage, m ine  
des ign,  stowing ,  room-and-pi l lar, vertica l  d isp lace­
ment, h orizontal d isplacement, t ime factor, g rou nd 
control ,  descriptive theories, surface su bsiden ce 
damage, surface water 
Location (s) :  Soviet Union 
Brauner, G.  Calcu lation of Ground Movements in 
European Coalfields . I N :  Proceedings 4th An nua l  
Sympos ium on  Su bsidence in M ines,  Wol longong ,  
Austra l ia ,  February 20-22 ,  1 973,  A . J .  Hargraves, 
ed . ,  Australasian I nstitute of M in ing  and Meta l l u rgy, 
l l lawarra Branch,  Paper 1 0, p. 1 0- 1  - 1 0-8 . 
The preca lcu lation methods preferred i n  
European coal-min ing  are classified in th ree groups,  
namely d i rect formu las, the profi le function method, 
and the su perposition method .  The fu ndamentals 
are empirical relationsh ips and theoretical 
approaches.  The calcu lation parameters that 
characterize the strata cond itions must be fou n d  
from measu red ground movements . T h e  h orizontal 
disp lacements and stra ins  can be determined from 
the derivatives of the subsidence curves . The d i rect 
formu las can be appl ied to d istinct surface points 
on ly, the profi le function method to entire trough 
profi les in  cases of  s imp le  m in ing  geometries, and 
the  superposition method to  any su rface po int  and  
arbitrary m in i ng  geometries . A more genera l  
inf luence function may be employed for the 
superposition method when the agreement with 
observed movements appears to be insuffic ient.  
Keyword (s) : coal m in ing ,  prediction,  prediction 
theories, profi le fu nction ,  horizontal d isplacement, 
vertical displacement, inf luence function 
Location (s) :  Europe 
Breeds, C. D. A Study of M in ing  S u bsidence Effects 
on Su rface Structures With Special Reference to 
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G eolog ical Factors . Ph . D .  Thesis, Univers ity of 
Nottingham,  Eng land,  1 976,  250 p .  
Th is is  a comprehens ive reference o n  protect ing 
existing  surface structures from severe subsidence 
damage.  It inc ludes h istory and appra isal of early 
prediction methods and a description of the predic­
t ion methods used at the t ime in England .  
Keyword (s) :  vertical d isplacement, h orizontal 
d isplacement, surface structu ral damage, sub­
su rface structu ral damage, structura l mitigation,  
mine design ,  g rou nd contro l ,  mon itor ing design ,  
mon itoring  insta l lation , mon itorin g  equ ipment, 
survey methods, su rvey equ ipment, fou ndations, 
prediction , prediction theories, h istorica l ,  geologic 
features 
Location (s) : Eng land 
Breeds, C .  D . ,  C .  Haycocks, M.  Karmis, E .  Topuz .  
Design  O pt imization i n  Underground Coal Systems 
Sections 1 ,  2, 3, and 4 .  Virg in ia Polytechn ic  
I nstitute, Department of  M in ing  and Minera l  
Eng ineeri ng ,  November, 1 979 ,  66  p .  (NTIS 
F E- 1 23 1 - 1 8 ) 
Keyword (s) :  m ine  des ign,  coa l m in ing  
Location (s) : Un ited States 
Breeds, C .  D . ,  M .  Karmis, C. Haycocks . Subsidence 
- Prevention or Control . I N :  Proceed ings, 1 st 
Conference on G round Control Problems in the 
I l l i nois Coal Bas in ,  Southern I l l inois Un iversity, 
August 22-24, 1 979 ,  Carbondale,  I L, 1 980, p .  
283-2 9 6 .  
Th is paper exam ines a solution for subsidence 
damage that is readi ly accepted in other fore ign 
coalf ields .  Th at is  the concept of control ,  or 
accommodation of su bsidence movements . Both 
u n dergrou nd and su rface methods of lessen ing the 
effects of m in ing  su bsidence are d iscussed.  In 
addit ion , two case studies are presented to 
i l l ustrate the success of one surface and one 
u n dergrou nd method . 
Keyword {s ) : g round control,  surface subsidence 
damage,  surface structu ra l damage, stowing ,  
structu ral m itigation,  geologic features, shortwal l ,  
room-and-pi l lar, longwal l ,  mine design 
Location (s) : United States, Un ited Kingdom 
Briggs,  H . ,  J .  Morrow. An Attempt at the Rationale 
of Fau lti ng  and S u bsiden ce . Transactions, I nstitute 
of M in i ng  Eng ineering ,  London,  v. 73, 1 92 6-27,  p .  
465-505 . 
Keyword (s) : geologic featu res 
Location {s) : Eng land 
Briggs, H .  M in ing  Subsidence .  Edward Arnold & 
Co . ,  London , 1 929 ,  2 1 5  p .  
Th is book provides a comprehensive study of 
mine su bsidence, with information on British  laws, 
h istorica l theories, part ia l  extraction m in ing  and  
backfi l l i ng . I t  contains  observations from Eng land ,  
I nd ia ,  and  the Un ited States . 
Keyword (s) : su rface structura l damage, law, 
h istorica l ,  backfi l l i ng ,  partia l  extraction 
Location (s) : Eng land,  I nd ia ,  Un ited States 
Briggs,  H .  F lexu re of Undermined Strata . Col l iery 
Eng ineering ,  v .  9 ,  1 932 ,  p .  247-25 1 .  
Keyword (s) : overburden , t ime factor, rock 
mechan ics 
Briggs,  H . ,  W. Ferguson . I nvestigation of M in ing  
S u bsidence at Barbauch law Mine ,  West Loth ian . 
Transactions, I nstitute of M in ing  Eng ineering ,  
London,  v .  85 ,  1 932-33 , p .  303-334.  
Location (s) :  Eng land 
Brink,  D . ,  F .  van M.  Wagener .  The Construction of  
Tai l ings Dams on Areas Mined by H igh  Extraction 
Min ing  Methods . I N :  COMA :  Proceed ings of 
Symposiu m  on Construction Over M ined Areas,  
Pretor ia,  May, 1 99 2 .  South African I nstitution of 
Civi l  Eng ineers, Republ ic of South Afr ica, p .  
243-247 . 
H igh  extraction min ing  methods resu lt in  
surface subsidence . Ultimately, a po int  of 
equ i l ibri um is reached where the resistance of the 
compressed rubble that fi l ls  the min ing void equa ls 
the weight of the overburden strata . At th is point 
no fu rther su rface subsidence shou ld occur .  I f  a 
ta i l ings dam is constructed on a subsided a rea ,  the 
overbu rden pressure increases and  secondary 
subsidence wi l l  occur .  Th is paper covers the aspect 
of the prediction of secondary settlement induced 
by additiona l  loading  of a mined a rea and g ives 
practica l  recommendations for the design  and  
operation of  ta i l i ngs dams on subsided a reas . 
Keyword (s ) :  coal m in ing ,  longwa l l ,  p i l l a r  
extraction ,  prediction 
Location (s) : South Africa 
Brit ish Geotech n ical  Society. Settlement of 
Structures . Ha lsted Press, New York, 1 975 ,  8 1 1 p .  
Keyword (s) :  geotechn ica l ,  su rface structu ra l 
damage 
Location (s} :  Eng land 
Broms, B .  B . ,  A .  Frederickson .  Land Su bsidence in 
Sweden Due to Water Leakage into Deep-Lying  
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Tu n n els  and  its Effects on Pi le S u pported 
Structu res . I N :  Proceedings,  2nd I nternationa l  
Symposiu m  on Land  Su bsidence, Anaheim,  CA, 
IAHS-A I HS Publ ication No . 1 2 1 ,  December, 1 97 6 .  
Keyword(s ) : subsu rface water, tunne l l ing 
Location (s) : Sweden 
Brook, D . ,  K .  W. Cole . S u bsidence of Abandoned 
L imestone M ines of West Mid lands of England .  I N :  
Land  S u bsidence,  Proceedings,  3 rd I nternationa l  
Sympos i um on  Lan d  S ubsidence, Ven ice, Italy, 
M arch 1 9-25,  1 984, A. I .  Johnson,  L .  Carbogn in ,  
and  L .  Uberti n i ,  eds . ,  I nternationa l  Association of 
Hydrolog ica l  Sciences Publ ication No . 1 5 1 ,  1 98 6, 
p .  675-68 5 .  
Abandoned l imestone mines in the West 
Mid lands of Eng land present potentia l  problems of 
subsidence u nder u rban a reas .  A study was made 
to ( 1 )  d iscover the  extent of information that re­
ma ins ,  ( 2 )  investigate the extent of the m in es and 
physica l  characteristics of  the mines and the rocks 
su rround ing  them, (3) establ ish the degree of risk, if 
a ny, of g round  movement occasioned by the col­
lapse of the m ines,  and  (4} consider and  recom­
mend remed ia l  and other works for dea l i ng  with the 
assessed r isk .  
Keyword(s ) : abandoned m ines, non-metal  
m in i ng ,  coal  m in i ng ,  su rface structura l damage, 
l iteratu re search, geologic features, backfi l l i ng ,  l and­
u se p la n n ing  
Location (s) : Un ited Kingdom 
Brook, G .  A., T .  L. All ison . F racture Mapping and  
G round  S u bsidence S usceptib i l ity Model i ng  i n  
Covered Karst Terra in : The Example of  Dougherty 
County,  Georg i a .  I N :  Land S u bsidence, Proceedings 
3 rd I nternationa l  Symposium,  Ven ice, I ta ly, March 
1 9-25,  1 984, A . I .  Johnson, L .  Carbogn in ,  and L .  
Uberti n i ,  eds. ,  Internationa l  Association 
Hydrologica l  Sciences Pub l ication No. 1 5 1 ,  1 986, 
p .  595-606 . 
Su bsidence susceptib i l ity maps of a covered 
karst terra i n  in southwest G eorg i a  have been 
developed us ing  a geograph ic information system . 
F ive vari ables were used in the model : s inkhole 
dens ity, s i nkhole a rea, fracture density, fractu re 
length, and  fractu re intersection density . Broadly 
s im i l a r  subsidence susceptib i l ity models Were 
developed from the data . 
Keyword (s) : geologic features,  model ing  
Location (s) : Georg ia ,  Un ited States 
Brown, A . ,  F .  L .  Casey . An I nvestigation Into 
S u rface S u bsidence Associated With the Extraction 
of Coa l Seams.  Canada Department of Energy, 
Mines, and Resou rces, M in ing  Research Centre 
I nternationa l  Report MR 7 1 /88- 1 0, 1 97 1 ,  3 9  p .  
Keyword (s) :  surface su bsidence damage,  coal 
min ing 
Location (s ) :  Canada 
Brown , A.,  J .  M u rphy, H.  Barte l l . S l u rry Backfi l l i ng  
of  an  Underground Coal M ine .  IN :  Conference on 
Hydrau l ic F i l l  Structu res, Colorado State Un iversity, 
Fort Col l ins ,  August 1 5- 1 8 , 1 988,  D . J .A .  Van Zyl 
and S . G . Vick, eds . ,  ASCE  G eotech n ical  S pecia l  
Publ ication No .  2 1 . 
The Wyoming Abandoned Mine  Lands program 
is remediating the impacts resu lti ng  from min ing  
conducted over the  last century .  An important part 
of that program cal ls for the control of subsidence 
over abandoned underg round coal mines. Th is  paper 
describes the p lann ing ,  performance, and effective­
ness of a su bsidence control project conducted i n  
Hanna ,  Wyoming,  in  wh ich 800,000 tons of 
remotely placed hydrau l ic  backfi l l  was used as a 
support ing med ium for part of an  underground coa l 
mine that underl ies the main part of the town . Th is  
project is the fi rst fu l ly successfu l app l ication of 
this tech nology in the western Un ited States . 
Keyword(s) : abandoned mines,  coal m in i ng ,  
l and  mitigation , hydrau l ic  backfi l l i ng ,  su rface 
structu ral damage 
Location (s) : Wyoming,  Rocky Mou nta in  Coal 
Reg ion , Un ited States 
Brown , D. F . ,  D. S .  Bu ist .  Mine Workings and  The i r  
Treatment on the Unstone-Dronfield By-Pass . 
Department of the Environ ment Construction ,  v .  
1 7, 1 976,  p .  23-2 5 .  
Keyword (s) : roads, land-use p lan n ing  
Brown , E .  0 .  F .  Packing Excavations in  Coa l  Seams 
by Means of Water .  Transactions,  I nstitution of 
Min ing  Engineers, v .  28 ,  1 905, .  
Th is a rticle discusses hydrau l ic  sand backfi l l i ng  
in Poland . 
Keyword (s) : hydrau l ic backfi l l i ng ,  m ine  f ires, 
coa l  m in ing  
Location (s) :  Poland,  Eu rope 
Brown, E. T ., E. Hoek. Trends in  Relationsh ip  
Between Measu red In -S itu Stresses and Depth . 
I nternational  Journa l  of Rock Mechan ics and M in i ng  
Sciences & Geomechan ics Abstracts, v .  1 5 , 1 97 8 ,  
p .  2 1 1 -2 1 5 . 
Keyword (s) : rock mechan ics, in s itu test ing 
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Brown , R .  E .  A Mu lti-Layered F in ite Element Model 
for Pred ictin g  Mine Subsidence . Ph . D .  Thesis, 
Carnegie-Mel lon Un ivers ity, Pittsburgh ,  PA, 1 968 . 
Resu lts of a f in ite element model of subsidence 
movements were compared with British field data , 
and  showed good agreement for the cases stud ied . 
Keyword (s ) :  model ing ,  pred iction , f in ite 
e lement, phenomenolog ica l model,  elastic model 
Location (s) :  Eng land 
Brown , R .  L . , R .  R .  Parizek .  Sha l low G round-Water 
F low Systems Beneath Strip and Deep Coal Mines 
At Two S ites, Clearfield County, Pennsylvan i a .  The 
Pen nsylvan i a  State Un iversity S pecia l  Research 
Report S R-84, May 1 ,  1 97 1 ,  Contract No .  CR-66 .  
The objective of  th is  study was to  describe the 
g roundwater f low systems in  rock un its associated 
with coals so th at acid m ine  d ra inage cou ld be more 
effectively prevented, treated , iso lated, o r  d i luted 
as cond itions requ ire . The physical g roundwater 
flow systems for two sites near  Kylertown , Pen n­
sylvan i a ,  were approximated by flow net con­
struction . The flow nets cannot g ive a u n ique 
solution to the flow problem because a l l  of  the 
parameters were not completely defined . In 
particu la r, the inf luence of jo ints on horizonta l and 
vertica l  permeabi l it ies could not be specifica l ly 
m easu red . 
Keyword (s) : hydrology, subsurface water, coal 
m in i ng ,  geologic featu res, mon itori ng methods, 
abandoned mines 
Location (s) :  Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Bru h n ,  R. E. The Tolerance of Structures to G round 
Movements - Some Considerations .  IN :  Proceed ings 
Th i rd Workshop on S u rface Subsidence Due to 
Underground M in ing ,  June 1 -4, 1 992 ,  S . S .  Peng ,  
ed . ,  Morgantown , WV, p .  83-93 . 
This paper considers severa l cases where 
structural behavior and site specific deta i ls  had to 
be taken i nto account in assess ing the relationsh ip 
between damage and  ground movements . 
Keyword (s) :  su rface structural damage, 
prediction , eng ineering ,  abandoned mines,  active 
m ines,  longwal l ,  coal m in ing ,  structu ra l m itigation 
Bru h n ,  R. W . ,  M .  0 .  Magnuson,  R. E. G ray. 
S u bsidence Over the Mined-Out Pittsbu rgh  Coa l .  
American Society of Civi l Eng ineers Nationa l  S pr ing 
Convention and  Continu ing  Education , Pittsburgh ,  
PA, Apri l  24-28,  1 978 ,  ASCE Preprint 3253,  1 978,  
p .  2 6-5 5 .  
Th is paper discusses subsidence as it occurs 
above abandoned mines in the Pittsburgh Coal  of 
western Pennsylvan ia .  I n  particu lar ,  it dentifies two 
pr incipal  types of subsidence of subsidence features 
(sin kholes and troughs) ,  presents data from 354 
incidents of subsidence,  and discusses the costs of 
subsidence to the pu b l ic .  
Keyword (s) :  economics, room-and-p i l la r, 
prediction ,  abandoned mines, coa l  m in ing  
Location (s) :  Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Bru h n ,  R. W. Mine S u bsidence in the Pittsbu rgh  
Area . IN :  45th An nua l  F ie ld Conference of 
Pennsylvan ia Geolog ists, Pittsburgh ,  October 3-4, 
1 980, Pittsbu rgh Geolog ica l  Society, p. 2 5-35 . 
Keyword (s) :  su rface su bsidence damage 
Location (s) :  Pen nsylvan ia ,  Appalach ian  Coal  
Reg ion,  Un ited States 
Bru h n ,  R. W . ,  M .  0 .  Magnuson , R. E. G ray.  
Subsidence Over Abandoned M ines in the 
Pittsburgh Coalfie ld .  I N :  G round Movements a nd 
Structures, Proceedings 2nd I nternationa l  
Conference,  Un iversity of  Wa les I nstitute of 
Science and Technology, Card iff, 1 980, J . D .  
Geddes, ed . ,  John Wi ley & Sons,  New York, 1 98 1 ,  
p .  1 42- 1 56 .  
This paper d iscusses subsidence above 
abandoned mines in the Pittsburg h  Coal based on 
data from 354 documented inc idents that took 
place in  western Pen nsylvan ia  and West Virg i n i a  in 
the period of 1 955 to 1 976 .  Past m in ing  practice is 
related to su bsidence and avai lab le information 
regard ing the geometry of su bsidence features, and  
their  t ime of  occurrence is summarized . Practical 
inferences a re drawn, and several  cases are cited 
where h uman activities have apparently hastened 
the onset of subsidence above abandoned mines .  
Keyword (s) :  abandoned mines, coal m in ing ,  
surface structura l damage,  overburden 
Location (s) : Pennsylvan ia ,  West Virg in ia ,  
Appalach ian Coa l  Reg ion,  Un ited States 
Bru h n ,  R. W . ,  W. S .  McCa n n ,  R .  C. S peck, R .  E .  
G ray. Damage to Structu res Above Active 
Underground Coal Mines in the Northern 
Appa lachian Coal Field . I N :  Proceedings 1 st 
Conference on Stab i l ity i n  Undergrou nd Mines,  
Vancouver, British Columbia ,  Canada,  August 
1 6- 1 8 , 1 982,  AI M E, 2 1  p .  
Th is paper presents t h e  resu lts o f  a 
characterization study of subsidence damage to 
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1 34 h omes . It proposes a un iform su bsidence­
damage classification system for structu ral damage.  
Keyword (s) : su rface structu ra l damage, active 
m ines, coal m in ing  
Location (s) : Appalach ian Coal Reg ion,  Un ited 
States 
Bru h n ,  R. W . ,  R. C. Speck, W. S. McCann ,  0. S .  
Ceci l .  S u rvey of G round S u rface Conditions 
Affect ing Structural Response to S u bsidence. F ina l  
Report to U . S .  Bureau of  Mines, OFR  1 2-84, 
Contract J02950 1 4, June, 1 983, by GAi 
Consu ltants, I nc . ,  Mon roevi l le, PA, 60 1 p .  (NTIS PB 
84- 1 5 5 8 60}  
The objective of  the study is to examine the 
apparent influence of  so i l  and near-su rface rock 
strata on the severity of damage experienced by 
su rface structures subjected to mine subsidence . 
The report d iscu'sses ( 1 )  modes of ground 
movement that might compl icate or be confused 
with m ine  subsidence; (2) preva i l ing concepts 
concern ing  m ine  su bsidence in the Northern 
Appalach ian  Coal  F ie ld and I l l i nois Bas in;  (3 )  ap­
parent inf luences of soi l  and nea r-su rface rock 
strata on the character of subsidence-related 
g round  movements; (4) c lassifications and criteria 
for characteri z ing  damage due to grou nd move­
ments; and  (5 )  types of subsidence damage 
experienced by h omes above active mines in  
western Pennsylvan i a .  Presented is  a damage 
classification system incorporating  a severity i ndex 
for characteriz ing  su bsidence damage to homes 
with basements above active mines. A series of 
case h istories i l l ustrate su bsidence damage to 
structures a bove active and abandoned mines .  
Keyword (s ) : su rface structu ra l damage,  soi ls, 
active m ines, abandoned mines, coal min ing 
Location (s) : Pen nsylvan ia ,  Appalach ian Coa l 
Reg ion , I l l i nois,  I l l ino is Coal Bas in ,  Un ited States 
Bru h n ,  R. W . ,  R. C. S peck, R. E. Th i l l .  The 
Appa lach ian  F ield :  Damage to Structu res Above 
Active Underground Mines .  I N :  S u rface Min ing  
Environ mental Monitori n g  and Reclamation 
Handbook, L .  V .A. Sendlei n ,  et a l . ,  eds . ,  Coal 
Extraction and Uti l i zation Research Center, 
Southern I l l i nois Un iversity at Carbondale, U . S .  
Department o f  Energy Contract No .  DE  AC22 80ET 
1 4 1 46,  E lsevier, New York, 1 983,  p .  657-670 . 
This paper reviews fou r  major topics concern ing 
su bsidence over active mines :  the character of 
su bsidence damage experienced by conventiona l  
h omes, inc lud ing typical  repa i r  costs, methods of 
predicting  subsidence damage, the frequency of 
occurrence of subsidence damage, and tech n iques 
of m itigating su bsidence damage . 
Keyword (s} : surface structural damage,  active 
mines, structura l m itigation , coal m in ing  
Location (s } :  Appalach ian Coa l  Reg ion ,  Un ited 
States 
Bruh n ,  R .  W ., R .  C. Speck.  G round Movements 
Associated with P i l lar  Extraction Coal M in i ng  i n  
Northern West Virg in ia . IN :  Rock Mechan ics i n  
Productivity and Protection , Proceedings 25th 
Symposiu m  on Rock Mechan ics, Northwestern 
Univers ity, Evanston,  I L, June  25-27,  1 984, C . H .  
Dowding a n d  M . M .  S ingh , eds . , S M E-AI M E, New 
York, p .  727-736 .  
An  investigation was made of  grou nd response 
to pi l lar  retreat min ing i n  a 1 .  7-meter-th ick seam at 
a depth of 1 08 meters at a site i n  north ern West 
Virg in ia . Th is paper describes m in i ng-related stress 
changes and movements at mine leve l ,  d isp lace­
ments with in the overbu rden , g round  surface 
subsidence and grou ndwater level variation s .  
S u bs idence approached 40% of t h e  m i n e  he ight  
and continued for  more than a yea r  after m in i ng .  
Water levels decl ined i n  some of  the  deep-lyin g  
strata . 
Keyword (s) : p i l lar  extraction , coa l m in ing ,  h igh ­
extraction retreat, overburden , subsurface water, 
active m ines, instrumentation , mon itoring  methods 
Location (s} : West Virg i n ia ,  Appalach ian  Coal 
Reg ion,  Un ited States 
Bru h n ,  R .  W. Case Report :  Coal M ine  Subsidence in  
Farmington ,  West Virg i n ia . Underground  S pace, v .  
9 ,  no .  5-6, 1 985 ,  p .  2 6 1 .  
The town of Farmington ,  in  Marion County, 
West Virg in ia ,  was visited by consu lt ing geo­
tech n ical engineers to determine  the cause of 
ground movements that had become prominent the 
preceding  year .  
Keyword {s) : uti l it ies, su rface structural damage, 
geotechn ica l ,  abandoned m ines, room-an d-p i l la r, 
p i l l ar  strength , reclamation , backfi l l i ng ,  coal  m in i ng  
Location (s ) :  Appalach ian Coa l  Region , Un ited 
States, West Virg in ia 
Bru h n ,  R .  W .  I nf luence of Deep M in i ng  on the 
G round  Water Regime at a Mine in  Northern 
Appalach i a .  I N :  Proceedings,  2nd Workshop on 
Su rface Subsidence Due to Underg round  Min ing ,  
Morgantown , WV, June  9- 1 1 ,  1 986,  S . S .  Pen g ,  
ed . ,  West Virg in ia Un ivers ity, p .  234-248 . 
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F ind ings concern ing  groundwater effects 
presented in th is  paper i nd icate that tota l extraction 
m in i ng  produced s ign ificant water level decl ines in 
deep- ly in g  strata , but h ad l ittle effect on water 
levels at sha l lower depths .  Post-mi n ing  val ues of 
h ydra u l ic  conductivity were typica l ly somewhat 
h igher than  pre-min ing  va l ues .  Changes in  water 
chemistry associated with m in ing  were not 
sufficient to render the water u nfit for h uman 
consumption . 
Keyword (s) : subsurface water, hydrology, 
i nstru mentation ,  coa l m in ing  
Location (s } :  West Virg i n ia ,  Appa lach ian Coal 
Region , United States 
Bru h n ,  R .  W . ,  G .  W. Luxbacher, J .  R. Ferrel l ,  T. A .  
G ray.  The Structura l Response o f  a Steel Lattice 
Transmission Tower to M in i ng-Related G round 
Movements . I N :  Proceedings 1 0th I nternationa l  
Conference on G round Control i n  M in ing ,  June  
1 0- 1 2 , 1 99 1 ,  S .S .  Peng ,  ed . ,  West Virg in ia 
Un iversity, Morgantown , p .  30 1 -306. 
A 1 25-foot-h igh steel l attice frame tower 
supportin g  a 500-kV EHV transmission l ine  and 
located over the gateroads of  a longwal l  m in ing  
operation was subjected to  ground movements from 
the m in i ng  of adjacent longwal l  panels . 
Keyword (s} :  surface structural  damage, 
longwa l l ,  f in ite e lement, prediction , h orizontal 
d isp lacement, uti l it ies, coal  m in ing ,  active m ines,  
i nstru mentation 
Location (s} : West Virg in ia ,  Appalach ian Coal 
Region ,  Un ited States 
Brum mer, R. K. A S impl ified Model l i ng  Strategy for 
Describ ing Rockmass Behaviou r  Around  Stope 
Faces in  Deep Hard-Rock Gold  M ines . I N :  Research 
& Eng ineeri ng  Appl ications in Rock Masses, 
Proceedings 2 6th U . S .  Symposiu m  on Rock 
Mecha n ics, South Dakota School  of M ines & 
Technology, Rapid C ity, June  2 6-28,  1 985,  E .  
Ashworth, ed . ,  Ba lkema, Rotterdam,  p .  1 1 3- 1 20 .  
Go ld  m ines in  South Africa working  a t  depths 
of u p  to 3 , 600 m have m in ing  layout designed on 
the basis of n umerical  models that assume elastic 
behavior of the rockmass.  
Keyword (s} :  rock mechan ics, mine design ,  
metal m in i ng ,  model i ng ,  e lastic model,  boundary 
element 
Location (s} :S outh Africa 
Brutcher, D. F . ,  B. B. Mehnert, D. J .  Van 
Roosendaa l ,  R. A. Bauer .  Rock Strength and 
Overbu rden Changes Due to Subsidence Over a 
Longwal l  Coal M in i ng  Operation in I l l i no is .  I N :  Rock 
Mechan ics Contributions and Cha l lenges, 
Proceed ings of the 3 1 st U . S .  Rock Mechan ics 
Sympos ium,  Golden ,  CO, June  1 8-20, 1 990, W .A . 
Hustru l id and G .A .  Johnson,  eds . ,  Ba l kema,  
Rotterdam,  p .  563-570.  
The overbu rden above an active u n dergro u n d  
longwal l  coal m i n i n g  operation was characterized 
before and after subsidence using core dr i l l i ng ,  
geotechn ical i nstrumentation ,  and  i n  s itu testin g .  
The ana lysis of m in ing- induced changes i n  the 
overbu rden provides a better u nderstand ing  of the 
mechan isms lead ing  to the surface expression of 
su bsidence and hydrologic changes . 
Keyword (s) :  longwal l ,  coal m in i ng ,  overburden , 
rock mechan ics, instru mentation ,  mon itori n g  
methods, active m ines,  l a b  testing ,  i n  situ testing ,  
subsurface water, hydrology, mon itoring  equ ipment 
Location (s) :  I l l i nois ,  I l l i nois Coal Basin ,  Un ited 
States 
Bryan ,  A . ,  J .  G .  Bryan ,  J .  Fouch e .  Some Problems 
of Strata Control in P i l lar  Workings .  The M i n i n g  
Eng ineer, London,  v .  1 23 ,  no .  4 1 , 1 964, p .  
238-266.  
This paper discusses possib le causes for a m ine  
col lapse i n  South Africa i n  which 437 people were 
ki l led; the col lapse covered at least 75  acres . 
Topics covered inc lude geologic cond it ions, 
fa i l u re mechan isms, and coal p i l lar strength . 
Keyword{s) : room-and-pi l lar ,  groun d  contro l ,  
mine safety, p i l l a r  strength 
Location (s) : South Africa 
Bucherer,  L. Hydrau l ic  F i l l i ng  in European M i n es .  
Mines a n d  Minera ls ,  v .  3 2 ,  1 9 1 2, p .  7 1 5 . 
Early m in ing  of mu lt ip le coa l levels used 
hydrau l ic  backfi l l i ng . Difficu lties concern i n g  p ipe 
abras ion ,  f lu id m ixtu res, sortin g  of f i l l ,  and  relative 
cost are d iscussed�  
Keyword (s) :  hydrau l ic backfi l l i ng ,  mu ltip le-seam 
extraction , coal m in ing ,  h istorical 
Location (s ) : Eu rope 
Buck, W. A .  Geological Environment i n  Relation to 
Longwa l l  Operation in the U .S .A .  The M in i ng  
Eng ineer, London,  v .  1 37 ,  n o .  1 99 ,  1 97 8 ,  p .  
363-37 1 .  
Keyword (s) : longwal l ,  geologic features 
Location (s) : Un ited States 
Bucky, P. B. Use of Models for the Study of M in i ng  
Problems .  AI M E  Techn ical Publ ication No .  425 ,  
1 93 1 ,  p .  3-28 . 
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Th is paper d iscusses and  compares model i ng  
methods .  
Keyword (s) : prediction , mode l ing ,  mathematica l  
model  
Location (s ) : Un ited States 
Bucky, P. B . ,  A. L. Fortress . Appl ications of 
Pri nci ples of S im i l itude to Design of Mine Workings .  
Transactions,  American I nstitute of  M in ing  and 
Meta l l u rg ical Eng ineers, v .  1 09 ,  1 934, p .  25-50.  
Samples from n atural  m ine  arches were tested 
for strength accord ing to their s ize and shape .  
Keyword (s ) : m ine  design ,  roof stabi l ity, rock 
mechan ics, lab testing  
Location {s ) : Un ited States 
Bucky, P. B . ,  A. J. Toering . M ine  Roof and Support 
Des ign as Appl ied to F lat-Lying  Beds Stressed 
W ith i n  the E lastic Lim it .  Eng ineering  and M in i ng  
Journa l ,  v .  1 06,  1 935 ,  p .  1 78- 1 8 1 . 
Formu las based on laws of mechan ics are 
derived for calcu lati ng  the safe span a l lowable 
between  pi l lar center l i nes ,  pi l lar s ize, and percent 
extraction . 
Keyword (s) :  m ine  design ,  p i l lar  strength , roof 
stab i l ity 
Bucky, P .  B. Roof Control Problems i n  H igh Speed 
Mechan ization Answered by Barodynamics . Coal 
Age, v. 43, January, 1 938 ,  p. 6 1 -66 . 
Barodynamics deals with the behavior of 
weighty structures and appl ies laws of mechan ics 
to determine the behavior of the structu re and/or 
the app l ication of s im i l itude to the beh avior of 
smal l -scale models to determine  h ow the prototype 
wi l l  behave. 
Keyword (s) : roof support, model i ng  
Bucky,  P .  B . ,  R .  V .  Tabore l l i . Effects of  I mmediate 
Roof Th ickness in Lon gwal l  M in i ng  as Determined 
by Barodynamic Experiments . Transactions,  AI M E, 
v .  1 30,  Coa l Divis ion,  1 938 ,  p .  3 1 4-332 .  
There i s  ava i la ble an  accumu lation of ex­
perience regard i ng  longwal l  m in ing  but coord ination 
of experience is  lacking and th is series of experi­
ments was u n dertaken to he lp  serve this purpose . 
Model experiments were u sed for reasons of safety, 
cost, and  t ime, and  because it has been previously 
shown that a scalar model bu i lt  of the same 
material  as the prototype wi l l  behave i n  a mann er 
s imi lar  to that of the prototype, with t ime effects 
the same, if the effective weight of the model is 
i ncreased in the same proportion as its l inear 
d imensions are decreased . 
Keyword (s) : longwa l l ,  coal m in i ng ,  lab testin g ,  
model ing 
Budavari,  S . ,  E .  L .  J .  Potts . Rock Deformation 
Measurements for Eva luat ing Mine Stab i l ity . 
Transactions, I nstitution of M in ing  and Meta l l u rgy, 
Section A, M in ing  I ndustry, v .  79, 1 970, p. A37-
A42 .  
Keyword(s ) : rock mechan ics, m ine  design 
Bu i ld in g .  N H BC Plans to Reduce £3 . 5 m  Ann u a l  
Cla ims, 29  Apri l ,  1 977,  p .  4 1 . 
Faced with c la ims of £3 . 5  mi l l ion a year on its 
1 0-year new house guarantee insurance ,  the 
National  House-Bu i ld ing Cou nci l  is introduc ing  a 
five-point p lan to ensure that h ou ses bu i lt in 1 977 
are the  best yet. The article shows two pictu res of 
structures damaged by m ine  subsidence.  
Keyword (s) :  surface structu ra l damage, 
arch itecture, foundations,  construction ,  coal  m in i ng ,  
insurance 
Location (s) : Un ited Kingdom 
Buist, D .  S . ,  P .  F .  Jones .  Potentia l  I nstab i l ity of 
Permian Strata in  the Pleasley By-Pass Area , 
Derbysh i re .  I N :  Large G round  Movements and 
Structures, Proceedings I nternationa l  Conference ,  
University of  Wales Institute of  Science and 
Technology, Cardiff, 1 977 ,  J . D . G eddes, ed . ,  John 
Wi ley & Sons, New York, 1 978 ,  p .  427-448 . 
Excavations for a new h ighway scheme 
encou ntered intensive fractur ing of the Magnes ian 
Limestone .  Further problems were posed by a 
"h idden" fau lt at the site of a p roposed bridge .  The 
possib i l ity of  reactivation of  the fau lt by future coal  
min ing subsidence, and the consequent deleterious  
effect that th i s  wou ld have on the stabi l ity of  the 
bridge necess itated a very carefu l reassessment of 
the proposed structu re . Eventua l ly the design of the 
bridge was radical ly a ltered . This paper i nvestigates 
the orig i n  and eng ineeri n g  i mpl ications of fracturin g  
in  t h e  Magnesian Limestone .  The paper a lso 
describes methods u ndertaken to calcu late the 
magnitude of futu re supsidence and to ensure that 
resu ltant structu ral damage is kept to a m in i m u m .  
Keyword (s} : surface structural damage, roads, 
coal min ing,  engineering ,  geologic features, lab 
testing ,  in situ testing 
Location (s} : Un ited Kingdom 
Bul l ,  W.  B .  Causes and Mechan ics of Near-S u rface 
Subsidence in  Western Fresno County, Ca l iforn i a .  
Short Papers in the Geologic . a n d  Hydrologic 
Sciences, U . S .  Department of the I nterior, 
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G eolog ica l Su rvey Professiona l  Paper 424-B, 1 96 1 , 
p .  B 1 87-B 1 89 .  
Keyword (s ) :  f lu id  extraction 
Location (s) : Cal iforn ia,  Un ited States 
Bu l l ,  W. B. Preh istoric Near-Su rface Subsidence 
Cracks in  Western Fresno Cou nty, Cal iforn ia . 
G eological  Society of America,  S pecial Paper 1 1 5, 
1 968 ,  p .  3 1 4-3 1 5 . 
Keyword {s ) : f lu id  extraction , h istorical 
Location (s) : Cal iforn ia ,  Un ited States 
Bu l l ,  W .  B. S ubsidence Due to Artesian-Head 
Decl ine  in  the Los Banos-Kettleman City Area , 
Cal iforn i a .  Geological  Society of America, S pecia l  
Paper 1 0 1 ,  (abstract) , 1 968 ,  p.  2 9-30. 
Keyword {s ) : flu i d  extraction ,  subsurface water 
Location (s) :  Ca l iforn ia ,  Un ited States 
Bu l l ,  W. B. Preh istoric Near-Su rface Su bsidence 
Cracks in  Western Fresno County, Cal iforn i a .  USGS 
Professiona l  Paper 437-C, 1 972,  85 p .  
The thousands o f  clay-fi l led tension cracks 
fou n d  in the a l lu via l  fans of the San Joaqu in  Val ley, 
Cal iforn ia ,  d u ring the excavation of the Cal iforn ia 
Aqu educt raised the poss ib i l ity of postconstruction 
tensiona l  ru pture of the cana l .  In western Fresno 
County, the cracks were the resu lt of subsidence 
caused by compaction due to wettin g .  
Keyword (s) : surface water, subsurface water, 
eng ineering 
Location (s) : Cal iforn ia ,  Un ited States 
Bu l l ,  W .  B. G eologic Factors Affecting Compaction 
of Deposits i n  a Land Subsidence Area . Bu l letin of 
the G eological  Society of America,  84, 1 973, p .  
3 783-3 802 . 
Keyword(s) : geologic features 
Bu l l ,  W. B. Land Subsidence Due to G round-Water 
Withdrawal in  the Los Banos-Kettleman City Area, 
Ca l iforn ia ;  Part 2 ,  S u bsidence and Compaction of 
Deposits . U . S .  Department of the Interior, 
G eologica l  S u rvey Professiona l  Paper 437-F,  1 97 5 ,  
90 p .  
Keyword (s } :  flu id  extraction 
Location (s} : Cal iforn ia ,  Un ited States 
Bu l l ,  W .  B . ,  J .  F .  ' Poland .  Land Su bsidence Due to 
G round-Water Withdrawa l in the Los Banos­
Kettleman C ity Area, Cal iforn ia; Part 3 ,  I nter­
relations of Water-Level Change,  Change in Aqu ifer­
System Th ickness and  S u bsidence . U .S .  
Department of the Interior, Geological  Su rvey 
Professiona l  Paper 437-G, 1 975 ,  62 p .  
Keyword (s) :  f lu id extraction , hydrology 
Location (s) : Cal iforn ia ,  Un ited States 
Bu l l ,  W. B . ,  R. E. M i l ler .  Land Subsidence Due  to 
G round-Water Withdrawal in the Los Banos­
Kettleman City Area, Cal iforn ia ,  Part 1 ,  Changes i n  
the Hydrologic Environment Conducive to 
Subsidence. Geolog ica l  Su rvey Professiona l  Paper 
437-E, 1 975 ,  U . S .  Government Printi ng  Office , 
Wash ington ,  D .C .  
Keyword (s) : f l u i d  extraction ,  subsurface water, 
surface subsidence damage 
Location (s ) :  Cal iforn ia ,  United States 
Bu l lock, K.  P. The Measurement of Coal M in i ng  
Su bsidence--An Example . M in ing  Magaz ine,  Apri l ,  
1 984, p.  379-385 . 
The equ ipment and methods used i n  meas u ring  
the  subsidence over a particu lar  longwa l l  coal  
m in ing  face are described in  th is article, together 
with deta i ls of the resu lts obta ined . The Electron ic  
Distance Measurement system employed a l lows 
accu rate resu lts to be obta ined with a m in imum of 
time spent in  field observation . 
Keyword (s) : mon itor ing methods, mon itoring  
equ ipment, survey methods, survey desig n ,  coal 
m in ing ,  longwal l ,  vertica l d isplacement, h orizontal 
d isplacement 
Location (s) : Un ited Kingdom 
Bu l lock, W .  D. ,  R .  L .  Britta i n ,  G .  A .  Place . M in ing  
and the  Environ ment. Exploration Update ' 75 ,  
Calgary, Alberta, May, 1 97 5 .  
The requ i rements of recent environmental 
legis lation enacted i n  Canada and the Un ited States 
have made min ing  operations increas ing ly complex .  
Th is paper briefly reviews t h e  extent o f  m in ing  
activity in  both countries and l ists its major 
envi ron mental impact. Pend ing legis lation of 
concern to mine operation is reviewed . 
Keyword (s ) :  environment, law, mine operation 
Location (s ) :  Un ited States, Canada 
Bumm, H . ,  G.  Schweden , G .  F inke .  The M in i ng  
Subsidences in the  Harbours of  Du isburg-Ruhrort. 
Bul letin of the Permanent I nternationa l  Association 
of Navigation Congress, Brussels, v. 3 ,  no. 2 1 , 
1 966, p .  3-2 9 .  
Th is paper discusses min ing-extraction methods 
used to control subsidence effects on the Rh ine 
River in the Federal Repub l ic  of  Germany; va luable 
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coal deposits u nder the R iver had not been mined 
previous ly because of poss ib le damage to sh ipp ing 
channel s .  
Keyword (s ) : surface structural damage, surface 
water, m ine  desig n ,  economics, coal m in ing  
Location (s) : Germany ' 
Bunta i n ,  M .  E .  Lon gwal l  G rowth in the U . S .  May 
Depend on How Wel l  Su bsidence is Control led . Coal 
M in i ng  and Process ing ,  v .  1 2 , no. 1 2 , 1 97 6, p .  
7 1 -74, 8 8-8 9 .  
Th is  paper d iscusses factors affecting sub­
s idence resu lti ng  from longwal l  m in ing ,  inc lud ing 
ang le of d raw, geology, width of  extraction , and 
rate of advance; it a lso conta ins  information on 
_subsidence-control techn iques .  
Keyword (s) : m ine des ign,  backfi l l i ng ,  l aw, 
longwa l l ,  pa rt ia l  extraction , coa l m in ing ,  ang le of 
d raw, geologic featu res 
Location (s ) : Un ited States 
Bur, T. R . ,  B. Berson . A Review of Foreign 
S ubsidence Laws and a Presentation of M in ing  
Laws With in  the U .S .  that are Appl icable to 
S u bsidence .  U . S .  Bureau of M ines Twin Cities 
Research Center Project Report, 29 p. (date 
u n known ) .  
Th is USBM report presents laws perti nent to 
subsidence related to u nderground m in ing .  I ncluded 
a re a brief h i story of the development of su bsidence 
laws i n  Europe and the Un ited States, recent 
reg u lation of the U .S . Department of the Interior, 
and laws of the 2 1  states compris ing the major part 
of the deep coal reserve for underground min ing . 
Keyword (s} : law, coal m in ing ,  active mines, 
abandoned mines 
Location (s) : Un ited States, Europe 
Bur, T .  R . ,  A. A .  Al len . Pre l iminary Investigation of 
S u bsidence in the Cleveland Street Area, Eveleth , 
M innesota . U . S .  Bureau of Mines, Division of 
M inera ls Environmental Technology, Branch of 
Appl ied Tech n ology and Demonstration , January, 
1 980 .  
Th is  report concerns su bsidence and settlement 
problems in  a res identia l  a rea covering about 2 
acres in Eveleth , M innesota . The area was m ined 
for iron ore by su rface or a combination of su rface 
and u ndergrou nd methods .  The pit was backfi l led, 
and construction began in the mid- 1 920s .  
Keyword (s) : abandoned m ines, meta l m in ing ,  
su rface structu ra l damage,  soi ls, land-use p lann ing ,  
structu ra l mitigation 
Location (s) : M innesota, Un ited States 
Bu rd ick, R .  G . ,  L. E .  Snyder.  Use of Automated 
Resistivity System to Locate Potential  S u bsidence 
Areas Over Old Mines .  I N :  Proceedings, 2nd 
Conference on G round Control in  M in ing ,  
Morgantown , WV, Ju ly 1 9-2 1 ,  1 982 ,  S .S .  Peng 
and J . H .  Kel ly, eds . ,  West Virg in ia Un ivers ity, 
1 9 8 2, p. 2 1 4-2 2 1 . 
This paper describes the automated resistivity 
method and d iscusses s ites in Colorado, Wyoming ,  
and I l l i nois where the  S BM has used th is  method to 
locate abandoned mines and potential  subsidence 
areas .  
Keyword (s) : abandoned mines,  computer, 
surface structural damage, surface su bsidence 
damage 
Location (s) : Colorado, Wyoming ,  Rocky 
Mou nta in  Coal Reg ion,  I l l i nois, I l l i nois Coal Bas in ,  
Un ited States 
Burd ick, R. G . ,  L .  E. Snyder, W .  F .  Kimbroug h . A 
Method for Locating Abandoned Mines .  U . S .  Bureau 
of Mines R I  9050,  1 986,  27  p .  
Problems presented by old m ine  workin gs affect 
both present-day min ing  and land development.  
This report describes six min ing areas in  the Un ited 
States that were investigated with the Bureau ' s  
automated resistivity method; resu lts showed a 
h igh  rate of success in detectin g  old m ines .  F ie ld 
measu rement tech n iques and data ana lysis 
procedures are described . 
Keyword (s ) :  abandoned mines, coa l m in i ng ,  
l and-use plan n ing ,  l and  va lues, mon itoring  methods, 
su rvey method�, su rvey data process ing 
Location (s} : Un ited States 
Bu rley, J .  D . ,  A. H .  Drowin .  Solution to G rou nd 
Subsidence Problems in  Cas ing Strin gs and 
Wel lheads . Journal  of  Petroleu m Technology, v .  23 ,  
June 1 97 1 , p .  654-660. 
Keyword (s} :  subsu rface water, flu id extraction 
Burns,  K.  Prediction of Delayed Subsidence .  I N :  
Proceed ings, Workshop o n  S u rface S u bsidence Due 
to Underground Min ing ,  November 30-December 2 ,  
1 98 1 ,  S .S .  Peng and M .  Harth i l l ,  eds . ,  Department 
of M in ing  Eng ineering,  West Virg in ia  Un ivers ity, 
Morgantown , March , 1 982 ,  p. 220-223 . 
I n  p lann ing insurance or restitution measures, a 
predictive model is of va lue in estimating  the 
magn itude of the problem artd the s ize of long-term 
budgetary commitments . On ly one model is known , 
and it was developed for the US BM by GAi  
Consu ltants of Monroevi l le .  The GAi model  is  
presented in  qua l itative terms .  This report develops 
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a formal  basis for the model and tests a n umerical 
implementation on one of the best-described study 
a reas, Al legheny Cou nty in Pen nsylvan ia . 
Keyword(s} :  prediction ,  model i ng ,  abandoned 
m ines, survey data processing,  stoch astic model 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Burton , A. N . ,  P. I .  Maten . G eophysical Methods in  
S ite I nvestigations in  Areas of  M in ing  Subsidence . 
I N :  S ite I nvestigations in Areas of M in ing  
Su bsidence,  1 975 ,  F . G . Bel l ,  ed . ,  Newnes­
Butterworths,  London , p. 75- 1 02 .  
Keyword (s} : geophysical  
Bu rton ,  D.  A Th ree Dimensional  System for the 
Pred iction of S u rface Movements Due to M in i ng .  
IN :  Large G round Movements and Structures, 
Proceedings I nternationa l  Conference, Un iversity of 
Wales I nstitute of Science and Technology, Card iff, 
1 977 ,  J . D . Geddes, ed . ,  John Wi ley & Sons, New 
York, 1 97 8 ,  p .  209-228 . 
Th is text is concerned with an understand ing of 
s u rface movement above mine workings, with 
particu lar  reference to the type of th ree-d imensiona l  
system that the  observer can  create and use in  
con nection with the su bsidence of  important 
su rface structures and insta l lations .  
Keyword (s} :  pred iction , vertical displacement, 
hor izonta l  d isplacement 
Burton , D. The I ntroduction of Mathematical Models 
for the Purpose of Predicting  S u rface Movements 
Due  to M in i ng .  I N :  G round Movements and 
Structu res, Proceedings 2nd  International  
Conference, Un iversity of Wales I nstitute of 
Science and Technology, Card iff, 1 980, J . D .  
Geddes, ed . ,  John Wi ley & Sons, New York, 1 98 1 ,  
p .  50-64. 
Although an observer cou ld begin  with the 
assu mption that a mathematical  model wi l l  prevent 
anyone  from keep ing a sensible balance between 
the genera l description of min ing su bsidence and 
the pecu l ia rities of each case, the actua l  effect of 
introduc ing such a model is qu ite d ifferent .  By 
tak ing advantage of the memory and the speed of 
the computer, the investigator ga ins control over 
pred ictions in  particu lar  situations .  For practica l  
pu rposes, the process of su bsidence pred iction is 
d iv ided into two parts : the construction of a 
su itable model requ ired to generate the n umbers for 
prediction , and the subsequent control of the 
predictions with a feedback of information . 
Keyword (s} : mathematical model ,  prediction ,  
model ing ,  ra i l roads 
Location (s } :  Un ited Kingdom 
Burton , D .  G rou nd  Deformation Above Lon gwal l  
Panels Geometry of the Three Dimensiona l  System .  
IN :  Strata Mechan ics ,  Proceedi n gs of  the 
Sympos ium,  Univers ity of Newcastle-upon-Tyne,  
Apri l ,  1 982 ,  l .W.  Farmer, ed . ,  Elsevier, New York, 
p. 30-35 .  
The paper describes the purpose of a th ree­
d imensional  variable geometry beg i nn i ng  with an  
i l l ustration i nvolving  the  strai ns  meas u red i n  a 
vertical section across a longwal l  face, and  showin g  
certa in  features o f  rock movement that could be 
related to geology, and the particu lar  case, a re 
features of geometry . The paper conti nues with a 
description of the general appl ication of the var iable 
geometry. 
Keyword (s) : longwal l ,  geologic features, 
computer, model i ng  
Location (s ) :  Un ited Kin gdom 
Burton ,  D .  A Program in BAS IC  for the Ana lysis and  
Prediction of  G round  Movement Above Longwal l  
Panels . I N :  G round Movements and Structu res, 
Proceedings 3rd I nternationa l  Conference,  
Un ivers ity of Wales I nstitute of Science and 
Technology, Card iff, 1 984, J . D .  Geddes, ed . ,  
Pentech , London,  1 985 ,  p .  338-353 . 
This paper conta ins a program (us ing  BAS IC as 
the forma l  language) that wi l l  ca lcu late the 
displacement of any surface point i n  the x, y, z 
d imensions of space at any time,  whether the face 
of the panel is static or moving . 
Keyword (s) : computer, prediction ,  longwal l ,  
coal m in ing  
Bushne l l ,  K . ,  J . R .  Peak .  Map of  the Upper Freeport 
Coal Bed : its Outcrop,  Overburden,  m in i ng  Activity 
and  Related Su rface Subsidence, Al legheny, 
Wash ington ,  and Westmoreland Cou nties, 
Pen nsylvan i a .  U . S .  Geological Survey M iscel laneous 
F ie ld Studies Map M F-693B, 1 97 5 .  
Keyword (s ) :  surface subsidence damage, 
overburden , coal  m in i ng  
Location (s) : Penn sylvan ia ,  Appalach ian  Coal 
Region , Un ited States 
Bushne l l ,  K .  0 .  Map Showing  Areas That Correlate 
With Subsidence Events Due to Underg round  
Min ing  of  the  Pittsburgh and Upper Freeport 
Coalbeds; Al legheny, Wash ington and  
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Westmore land Cou nties, Pennsylvan ia . U .S . 
Geologica l  Su rvey, M F-693C, 1 97 5 .  
Keyword (s) :  su rface su bsidence damage 
Location (s ) : Pennsylva n ia ,  Appa lach ian  Coal 
Reg ion , Un ited States 
Bushne l l ,  K .  0 .  Map Showing : Depths to the 
Pittsburgh  Coalbed, M in i ng  Activity, and Related 
S u rface S u bsidence; Al legheny, Wash ington ,  and 
Westmore land Counties, Pen nsylvan ia .  U . S .  
G eological  S u rvey, M F-693A, 1 97 5 .  
Keyword (s) : su rface su bsidence damage 
Location (s ) :  Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Bush ne l l ,  K .  0. M ine  S u bsidence . "Lots" of 
Danger :  Property Buyer ' s  G u ide to Lan d  Hazards of 
Southwestern Pen nsylvan ia ,  J . L. Freedman,  ed . 
Pittsburgh  G eological  Society, I n c . ,  Pittsbu rgh ,  
1 97 7 ,  p .  9 - 1 6 . ( NTIS Accession No .  78- 1 5992 )  
S u rface subsidence becau se of u n derground  
m ines abandoned decades ago is one of  the most 
vexin g  problems faced by home owners in  western 
Pen n sylva n ia .  Th is  chapter covers the laws 
affectin g  su rface su bsidence and reviews the steps 
a l and  owner can take to appraise h is own 
situation . The geology and  m in ing  practices of the 
reg ion a re d iscussed in  relation to surface 
subsidence .  The work and  services of various 
govern ment agenc ies on beha lf of the property 
own er are described . 
Keyword (s) : su rface structural damage, coa l 
m in i ng ,  abandoned mines, fou ndations, l aw, 
overb u rden,  geologic features, land-use p lann i ng ,  
eng ineering ,  govern ment, backfi l l i ng,  grouting  
Location (s ) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Butler, D. Detection of Abandoned Coal M ine  
Workings  and  Undergrou nd  Voids by  M icrogravity . 
M in i ng  Eng ineering,  Apri l ,  1 989,  v. 4 1 , no .  4, p .  
245-247 . 
S u bsurface density changes can be detected by 
very precise su rface gravity measurements . A 
feas ib i l ity study, combined with field experience 
us ing  modern i nstruments, wi l l  i nd icate the 
probabi l ity of success . In addition to projected 
anomaly parameters, su rface cond it ions that affect 
the su rvey precis ion must be eva luated . Examples 
with excavated zones at a depth of 9 meters (30 ft} 
and  p lus  or m inus  22 m icrogal error are compared 
with the same model at 30 meters (98 ft) . The 
figu res i l l ustrate anomaly detectab i l ity . The su rvey 
error is a function of surface topography and  latera l 
density variation in the very near  surface . 
Keyword (s ) : abandoned m ines, coal m in i ng ,  
model ing ,  geologic features 
Butler, P. E. Uti l ization of Coal M ine  Refuse i n  
Highway Embankment Construction . S M E-AI M E  
Preprint No . 75-F-8 1 ,  S M E-AI M E  An nua l  Meeting ,  
New York, NY, February 1 6-20, 1 97 5 ,  32  p .  
S ince early 1 973,  the Pennsylvan i a  Department 
of Transportation has been actively engaged in  the 
uti l i zation of coal  mine refuse in  the design and  
construction of  h ighway emban kments . The  
program inc ludes field investigat ions, l aboratory 
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testing ,  eng ineering  evaluation , p lann ing ,  
coord ination ,  implementation ,  construction  contro l ,  
and  review of construction performance .  
Keyword (s) : m i n e  waste, coal m in ing ,  roads, 
land-use plann ing ,  eng ineering ,  anth racite, 
b itu minous,  lab testing  
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Region ,  Un ited States 
Butler, R. A . ,  D. Hampton . Su bsidence Over Soft 
G round  Tu nne l .  ASCE Jou rna l  of G eotechn ical 
Eng ineering  Divis ion ,  v .  1 0 1 ,  1 975 ,  p .  3 5-49 . 
Keyword (s ) : tu nne l l i ng  
Cady, G .  H .  Coal Resources of District I ( Longwa l l ) . 
I l l inois State Geological Su rvey, M in ing  
I nvestigation Bu l let in 1 0, 1 9 1 5 , 1 49 p .  
Th is  report d iscusses the geology and 
economics of  coa l m in ing  in  the "longwal l  d istrict11 
in north -centra l I l l i nois .  
Keyword (s) : coa l  min ing,  h istorical 
Location (s) : I l l ino is, I l l i nois Coal Bas in ,  Un ited 
States 
Cady, G .  H .  Coal Resou rces of District VI . I l l i nois 
State Geologica l  S u rvey, Min ing I nvestigation 
Bu l let in 1 5 , 1 9 1 5 , 94 p. 
This report discusses geology and economics of 
coal m in ing  in  Jefferson , Frank l in ,  and part of 
Wi l l iamson Cou nties in  I l l i no is .  
Keyword (s) :  coa l  m in ing ,  h istorica l 
Location (s) : I l l ino is,  I l l inois Coa l Basi n ,  Un ited 
States 
Cady, G .  H .  Coal Resou rces of D istrict I I  (Jackson 
County) . I l l i nois State Geological Su rvey, M in i ng  
Investigation Bu l letin 1 6, 1 9 1 7, 55  p .  
Keyword (s ) :  coal m in i ng ,  h istorical 
Location (s) :  I l l i nois, I l l i no is Coal Basin ,  Un ited 
States 
Cady, G .  H .  Coa l Resou rces of District V (Sa l ine  
and Ga l latin Cou nties ) .  I l l i nois State G eological  
Survey, Min ing I nvestigation Bu l let in 1 9, 1 9 1 9, 
1 35 p .  
Keyword (s) : coa l m in ing ,  h istorica l  
Location (s) : I l l inois,  I l l ino is Coal Bas in ,  Un ited 
States 
Cady, G .  H. Coal Resou rces of District IV .  I l l i nois 
State Geological Su rvey, Min ing I nvestigation 
Bul let in 26, 1 92 1 ,  247 p .  
Keyword (s) : coal m in ing ,  h istorical 
Location (s) :  I l l i nois,  I l l inois Coa l Basi n ,  Un ited 
States 
Cambefort, H .  The Princip les and Appl ications of 
Grouti ng .  Quarterly Journa l  of Eng ineer ing Geology, 
1 977,  v . 1 0, p .  57-95 . 
Keyword (s) :  g routing 
Cameron-Cla rke, I .  S .  The Distribution and Nature 
of Surface Features Related to Sha l low Underm in i ng  
on the  East Rand .  IN :  Proceedings,  SANGORM 
Symposium,  October 2 1 ,  1 986,  I nternationa l  
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Society for Rock Mechan ics, South African National  
G roup ,  Sandton , South Africa, p .  33-3 8 .  
Developments over areas undermined at 
sha l low depths are severely restricted because of 
the potent ia l  for su bsidence or sudden col lapse of 
the grou nd  su rface .  To faci l itate p lann ing ,  it is ad­
vantageous to have some idea of the location of the 
u ndermined a reas as wel l  as a genera l  u nder­
stand ing  of the actua l  conditions undergrou nd . 
Keyword (s) : abandoned mines, coal m in ing ,  
meta l m in ing ,  land-use plann ing ,  photography, 
h istorica l ,  su rface su bsidence damage 
Location (s) : South Africa 
Cameron-Clarke, I .  S . ,  A. J .  Barrett, G .  E. B l ight .  
S u pport of Areas Undermined by Sha l low Coa l 
Workings for Road Corridors . I N :  COMA: 
Proceedings of Sympos ium on Construction Over 
M ined Areas, Pretoria, May 1 992 ,  South African 
I n stitution of Civi l  Eng ineers, Republ ic of South 
Africa , p.  1 93- 1 98 .  
Developments over areas of sha l low 
u nderm in i ng  a re restricted because of the potentia l  
for su rface subsidence . There are several d ifferent 
ways of protectin g  surface structu res . One, wh ich 
i s  particu larly appl icable to the protection of roads, 
is  to i ncorporate a layer of welded steel mesh i nto 
the road structu re . 
Keyword (s ) : surface structural damage, coa l  
m in i ng ,  meta l m in i ng ,  roads, structu ral m itigation , 
geologic features, eng ineer ing,  abandoned mines 
Location (s) : South Africa 
Cameron , D. W. G .  Menace of Present Day 
S u bsidence Due to Ancient Mineral Operations .  
Jou rna l  of  Roya l I nstitution of  Chartered S urveyors, 
(Scottish Su pplement) ,  1 956,  v. 1 9 , Part 3, p .  
1 59- 1 7 1 . 
Keyword (s) : abandoned mines 
Location (s) :  Un ited Kingdom 
Camp,  C .  L .  F i l l i ng  Mine Workin gs Under Ra i lway 
Bridges with Concrete at Scranton . Eng ineering 
News, January 1 1 , 1 9 1 2, p .  60. 
S ubsurface reinforcement of bridge footings 
was ach ieved by constructing concrete columns 
with in  a ban doned mines .  
Keyword (s) : abandoned mines, grouting ,  
m u ltip le-seam extraction ,  rai l roads 
Location (s) : Pennsylvan ia ,  Appalachian Coal 
Reg ion,  Un ited States 
Campbel l ,  J .  A. L . ,  L. J .  Petrovic, W .  J .  Ma l l ia ,  C .  
W .  Shu lties . How to Pred ict Coal M ine  Roof 
Conditions Before M in i ng .  M in ing  Eng ineeri ng ,  
October 1 975,  p .  37-40 . 
Keyword (s) : roof stabi l ity, coa l m in ing  
Campol i ,  A . ,  T .  Barton ,  F .  Van  Dyke, M .  Gauna ,  M .  
DeMarco . Gate Design Key to Bump Contro l .  Coa l ,  
September, 1 990, p .  54-58 .  
Fu l l  extraction retreat m in i ng ,  d u ri ng  both 
longwal l  and room-and-pi l lar  operations,  leads to 
the concentration of stresses in  nearby support 
p i l la rs .  When th is occurs at great depth and 
between unyield ing roof and floor strata , port ions of  
these h igh ly stressed p i l lars often fa i l  rap id ly and 
violently. Such fa i l u res, commonly cal led bum ps, 
vary from minor vibrations without s ign ificant strata 
movement, to notable earth tremors that may eject 
thousands of tons of coal and rock i nto the 
workings .  
Keyword (s) : bumps, coa l m in ing ,  m ine  design 
Location (s ) : West Virg in ia ,  Virg i n ia ,  Appalach ian 
Coa l  Reg ion,  Un ited States 
Canace, R . ,  R. Dalton . A Geological Su rvey 1 s  
Cooperative Approach to Analyz ing  and Remedying  
a S in khole Related Disaster in  an  Urban 
Environ ment. I N :  S inkholes : Their Geology, 
Engineering and Environmental I mpact, Proceedings 
1 st Mu ltidisc ip l inary Conference on S in kholes, 
Orlando, October 1 5- 1 7 , 1 984, B . F .  Beck, ed . ,  
Balkema, Rotterdam, p .  343-348 . 
A s inkhole resu lting  from the break of an  
underground water main severely undermined the 
foundation of  a private residence in  densely 
populated Ph i l l ipsburg ,  New Jersey . S u bsurface 
borings revealed the presence of a deeply d issected 
dolomitic bedrock surface and,  more importantly, 
sign ificant voids in  the stiff, s i lty to gravel ly clay 
overbruden; some voids were in excess of 1 0  feet 
in he ight .  
Keyword (s) : su rface structural  damage,  
geologic featu res 
Location (s) : New Jersey, Un ited States 
Canadian I nstitute of Min ing  and Meta l l u rgy.  M in ing  
with Backfi l l .  Proceed ings, 1 2th Canadian Rock 
Mechan ics Symposium,  Sudbury, Ontario, May 
23-25,  1 978 Canada I nstitute of M in ing  Specia l  v .  
1 9 , 1 50 p .  
Keyword (s) : stowing, backfi l l i ng  
Location (s) : Canada 
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Candeub, F leissig ,  and Associates ( Newark, NJ ) 
Demonstration of a Techn ique  for Limiti ng the 
S u bsidence of Land Over Abandoned Mines .  
Department of Housing a n d  Urban Development 
Report H UD-WYO D-1 ,  J u n e  1 97 1 ,  92 p. ( NTIS PB 
2 1 2  708)  
This report presents the find ings and 
conclus ions of a demonstration project carried out 
by the city of Rock Spr ings,  WY, in  1 970 using the 
Dowel l  Process.  
Keyword(s) : abandoned mines, grou nd contro l ,  
coal  min ing,  hydrau l ic backfi l l i ng  
Location (s) : Wyoming ,  Rocky Mou nta in  Coal 
Reg ion ,  Un ited States 
Candeub,  F le issig ,  and Associates ( Newark, NJ)  
Demonstration of a Tech n ique  for Lim it ing the 
S u bsidence of Land Over Abandoned M ines . 
Department of Hous ing and Urban Development 
Report H UD-WYO D-1 ,  November, 1 973,  34 p .  
( NT IS  PB  2 3 3  089 }  
Keyword {s ) : abandoned mines,  ground contro l ,  
hydrau l ic backfi l l i ng ,  coa l min ing 
Location (s} : Wyoming ,  Rocky Mou nta in  Coa l  
Reg ion,  Un ited States 
Cappleman ,  H .  L .  Horizontal Movements Related to 
S u bsidence . Discussion , ASCE Journa l  Soi l  
Mechan ics Fou ndations Division ,  v .  96,  no. SM 1 ,  
1 970, p .  3 1 0-3 1 7 . 
Keyword (s) : h orizontal d isplacement 
L6cation (s) : Un ited States 
Carbogn i n ,  L . ,  P. Gatto, G .  Mozz i ,  G .  Gambolati ,  G .  
R icceri . New Trend on the Su bsidence of Ven ice.  
I nternationa l  Association of Hydrological Sciences 
Pu bl ication 1 2 1 ,  1 977,  p. 65-8 1 . 
Keyword (s) : su rface su bsidence damage, 
su rface water, flu id extraction 
Location (s) : I ta ly 
Carbogn i n ,  L. Land  Subsidence : A Worldwide 
Environmental Hazard . Natu re and Resou rces, 
U N ESCO, v .  2 1 ,  n o .  1 ,  1 983,  p. 2- 1 2 . 
Keyword (s) : su rface subsidence damage, 
envi ron ment 
Carbogn i n ,  L. ,  P .  Gatto . An Overview of the 
Su bsidence of Ven ice . I N :  Land Subsidence, 
Proceed ings 3rd I nternationa l  Sympos ium,  Ven ice, 
I ta ly, March 1 9-25,  1 984, A . I .  Johnson , L. 
Carbogn i n ,  and L .  Uberti n i ,  eds . ,  I nternationa l  
Association of Hydrological Sciences Publ ication 
No .  1 5 1 ,  1 986,  p. 32 1 -328 . 
A genera l view of the aspects of the Ven ice 
subsidence s ituation ,  as studied by the C N R  i n  
Ven ice s ince 1 969,  is  suppl ied . A look a t  the  cause 
and effect relationsh ip  is g iven ,  a long with an 
i l lustration of  the th ree factors making u p  the land 
elevation loss dur ing the 20th century (namely, 
natural subsidence, man- induced su bsidence, and 
eustacy} . 
Keyword (s } :  surface water, flu id extraction , 
surface su bsidence damage 
Location (s } :  Italy 
Carey, S. Cave-ins of Abandoned Coal M ines 
Present G rowing Threat to Life, Land in 30 States . 
Wall  Street Journa l ,  August 2 1 ,  1 984.  
Keyword (s) : abandoned mines,  coa l  m in ing  
Location (s} : Un ited States 
Carlson,  E. J .  Hydrau l ic Model Studies for 
Backfi l l i ng Mine Cavities . Bureau of Reclamation 
Report REC-ERC-73- 1 9, October 1 973,  36 p. ( NT IS  
PB .225 6 1 3 } 
Th is report presents test resu lts from 
investigation of effects of various backfi l l i ng  
parameters ( i nc lud ing  s lu rry concentration , injection 
velocity, and floor slope) on deposition pattern s .  
Keyword (s) : hydrau l ic backfi l l i ng ,  model ing 
Carlson,  E .  J .  Hydrau l ic Model  Stud ies for 
Backfi l l i ng  Mine Cavities (Second Series of Tests ) .  
Bu reau of Reclamation Report REC-ERC-75-3, 
March 1 975,  38  p .  ( NTIS PB 24 1 5 1  O) 
Th is report presents test resu lts from 
investigation of effects of various backfi l l i ng  
parameters on deposition patterns for five specific 
mine patterns .  
Keyword (s) : hydrau l ic backfi l l i ng ,  model i ng  
Location (s) : United States 
Carlson , M .  J . ,  L .  W .  Saperstein .  Efficient Use of 
Additives to I mprove Pneumatica l ly Emplaced 
Backf i l l  Strength . M in ing  Eng ineeri ng ,  June  1 98 9 ,  
v. 4 1 , no .  6 ,  p .  462-466 . 
With the goal  of improving the strength 
characteristics of pneu matical ly emplaced materia l  
used for loca l ized subsidence contro l ,  the b ind ing 
additives fly ash,  benton ite, and portland cement 
were examined for their  effect on the support 
capabi l ities of coa l refuse . It was fou nd  that, with in  
certa in  concentration ranges, a l l  th ree offered some 
increase in the u lt imate strength of  the backfi l l i ng  
mixture; portland cement gave the  greatest 
percentage increases . Se lection of the appropriate 
backfi l l i ng  mixture wil l  a l low for the most 
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economical and efficient subsidence control when 
pnuematic stowin g  is  employed . 
Keyword (s ) : longwa l l ,  h orizonta l  disp lacement, 
pneu matic backfi l l i ng ,  room-and-pi l lar, ground 
contro l ,  coa l  m in ing ,  lab test ing,  stowing 
Location (s) : Appa lach ian Coa l Region , Un ited 
States 
Carmen ,  C. 0 .  Understand ing  Roof Action is 
I mperative in Longwal l  M in i ng .  Coal M in ing  and 
Process ing,  March , 1 965,  p .  38-4 1 . 
Keyword (s) : m ine design ,  roof stabi l ity, 
longwa l l ,  coal  m in ing  
Location (s) :  West Virg in ia ,  Appalach ian Coa l 
Region , Un ited States 
Carpenter, G .  W . ,  J. D. Rockaway, R. W. 
Steph enson ,  R. C. S peck . G eotech n ical Eva luation 
of Su b-Coal  Strata for Coal Pi l lar Support .  I N :  
Proceedings I l l ino is  M in i ng  I nstitute Annua l  Meeting ,  
October 1 3- 1 4, 1 977 ,  Spri ngfie ld,  I L, p .  92- 1 02 .  
Foundation fa i l u res in  u nderground coal mines 
frequently occur  in mines where the strata under 
the coal  i nc ludes u nderclays or clay sha les with 
poor strength characteristics . An investigation 
carried out at the University of Missouri -Rol la 
eva luated the strength and stabi l ity parameters of 
strata u n derlying  coa l in  the I l l inois Basin . 
Keyword (s ) : coa l m in ing ,  floor stabi l ity, 
geotech n ica l ,  p i l l ar  strength , rock mechan ics, fin ite 
element, model i ng ,  computer, roof stabi l ity 
Location (s) : I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Carpenter, G .  W. Areas of Coal Mine Floor Heave 
Predicted by Bearing  Capacity Analysis .  M . S .  
Thesis,  Un ivers ity of Missou ri-Rol la ,  Rol la ,  MO,  
1 97 8 .  
Keyword (s) : f loor stabi l ity, coal min ing,  
p red iction ,  lab  testing  
Location (s) :  Un ited States 
Carpenter, M. C . ,  M .  D. Brad ley. Legal  Perspectives 
on Su bsidence Caused by G roundwater Withdrawal 
in  Texas, Cal iforn ia,  and Arizona,  USA. I N :  Land 
S u bsidence, Proceedings 3 rd I nternationa l 
Symposium,  Venice, Italy, March 1 9-25,  1 984, A. I .  
Johnson,  L. Carbogn in ,  and L. Ubertin i ,  eds . ,  
I n ternationa l  Association of Hydrological Sciences 
Pub l ication 1 5 1 ,  1 986,  p .  8 1 7-828 .  
Damages from subsidence caused by  ground­
water withdrawa l inc lude shorel ine  su bmergence, 
wel l-cas ing fa i l u res, and changes in  g rad ients of 
cana ls ,  sewers, i rr igation d itches, and streams.  
Potentia l  damages from su bsidence-related earth 
fissuring inc lude structu ra l damage to roads, 
rai l roads, and bu i ld ings, ru ptured sewers and 
p ipel ines, and aqu ifer contamination . Th is  paper 
covers legal methods of contro l l ing and manag ing 
subsidence in  Texas,  Arizona,  and Cal iforn i a .  
Keyword (s) : f lu id extraction , law, su rface 
su bsidence damage, subsurface water, hydrology, 
govern ment, surface water 
Location (s ) :  Texas, Ca l iforn ia ,  Arizona,  Un ited 
States 
Carpenter, P. J . ,  M . A .  Johnston . Mon itorin g  
Fractu re Development Over a S u bsid ing  Lon gwal l  
M ine Panel Using Electrical  Resistivity . North ­
Centra l Section Geological Society of America 25th 
An nua l  Meeting ,  Toledo, OH, Apri l 1 8 , 1 99 1 ,  
Abstracts with Programs, v .  23,  p .  6-7 . 
Keyword (s) : seismic, mon itoring  methods, 
geophysical ,  overburden , longwa l l ,  active mines ,  
coal min ing 
Location (s) : I l l inois,. I l l i no is Coa l  Basin , Un ited 
States 
Carpenter, P. J . ,  M . A .  Joh nston,  C. J .  Booth , M .  
P .  Matheney .  Geophysical  Identification or 
Fractures and Associated Hydrological  Effects Over 
a Col lapsing Longwa l l  M ine  Panel . I N :  G eological  
Society of America An nua l  Meeting ,  Abstracts with 
Programs, San Diego, CA, October, 1 99 1 ,  p. A39 .  
Geophysica l methods were employed to 
characterize fractur ing and water level changes in  
the u pper portion of  a 1 20-meter bedrock and drift 
section overlying two col lapsing  longwal l  coal 
panels in I l l inois . Resistivity sou nd ings, profi les, and 
az imutha l  su rveys were made over pane l  centers 
before, during and after su bsidence . 
Keyword (s) :  geophysical ,  hydrology, subsurface 
water, active mines, longwal l ,  coal m in ing ,  seismic, 
geolog ic features 
Location (s) : I l l i nois, I l l ino is Coa l Basin ,  Un ited 
States 
Carrera , G .  H . ,  P. Van icek . Review of Techn iques 
for Determ in ing Vertical G round Movements from 
Level l ing Data . I N :  Land S u bsidence, Proceedings 
3rd I nternational  Sympos ium,  Ven ice, Italy, March 
1 9-25,  1 984, A . I .  Johnson,  L .  Carbogn i n ,  and L .  
Ubertin i ,  eds . ,  I nternationa l  Association of 
Hydrological Sciences Pub l ication No .  1 5 1 ,  1 986,  
p .  1 95-202 . 
A review of existing  mathematica l models to 
obta in  the spatia l  and tem poral representation of 
vertical grou nd movements from releve l l ings is 
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presented . Models are classified i n  terms of their  
desig n ,  spatia l  data distribution ,  and temporal data 
d istribution .  
Keyword (s) : mathematical model,  vertical 
d isp lacement 
Carter, H .  W. N. A Review of Strata Control 
Experiences in Longwa l l  Workings in  G reat Brita in . 
I N :  Proceedings 3rd I nternationa l  Conference on 
Strata Contro l ,  Paris, 1 960, p. 47 1 -48 5 .  
Keyword (s) : m i n e  design ,  g round control ,  
longwal l ,  roof stabi l ity 
Location (s) : Eng land 
Carter, P . ,  D .  Jarman,  M.  Sneddon . M in ing  
S u bsidence in  Bathgate, A Town Study. IN :  G round 
M ovements and Structures, Proceedings 2nd 
I nternationa l  Conference, Un ivers ity of  Wales 
I nstitute of Science and Technology, Card iff, 1 980, 
J . D . G eddes, ed . ,  John Wi ley & Sons, New York, 
1 98 1 , p. 1 0 1 - 1 24 .  
Th is  paper deals with Bathgate ' s  h istory of 
m in i ng  and min ing su bsidence; the investigations 
that h ave been carried out, and the proposals 
evolved for design ing  new structures and making 
existing  structu res safe, i n  the zones of potentia l  
m in i ng  subsidence . 
Keyword (s) : surface structu ral damage, coal 
m in i ng ,  abandoned mines,  surface subsidence 
damage,  subsurface subsidence damage, land-use 
p lann i ng ,  foundations, structural m itigation,  
construction,  backfi l l i ng  
Location (s) : Un ited Kingdom 
Carter, T .  G . , C. M. Steed . Appl ication of Remedial 
Measu res for Stab i l ization of Abandoned Mine 
Workings .  I N :  M ine  Subsidence - Prediction and 
Contro l ,  Nationa l  Sympos ium,  33rd Annua l  Meeting 
Association of Eng ineering  Geolog ists, October 2-3,  
1 990,  C . D . El ifrits, ed . ,  Pittsburg h ,  PA, p .  207-22 1 .  
Various methods of remediation are appl icable 
for use in  safely stab i l i z ing o ld,  h azardous, th in  or 
u n stable crown p i l lar  cond itions .  Examples of the 
a ppl ication of five d ifferent remediation approaches 
a re presented : bridge-deck style concrete capping ,  
rol ler compacted concrete crown reinforcement, 
conventiona l  g ravity backfi l l i ng ,  pneumatic stowing,  
and hydrau l ic backfi l l in g .  
Keyword (s) : abandoned mines, pneu matic 
backfi l l i ng ,  hydrau l ic  backfi l l i ng ,  economics, surface 
structu ra l damage, roads, metal m in ing ,  non-metal 
m in i ng  
Location (s) : Canada,  New York, Un ited States 
Cartwright, K . ,  C .  S .  Hunt .  Hydrogeology of 
Underground Coal M ines in I l l i no is .  ISGS repri nt 
1 978-N,  1 97 8 .  Reprinted from Proceedings 
Internationa l  Symposium on Water in  Min ing and 
Underground Works, G ranada,  S pa in ,  September 
1 7-22,  1 97 8 ,  20 p .  
Little is known about the hydrogeology of the 
groundwater systems around underground  coa l  
mines .  I l l inois mines are genera l ly "dry/' with 
notable exceptions, despite their location in water­
satu rated rocks wel l below the water table . 
Reported pumpages of water from the mines vary 
from occasiona l  pumping of sumps to pumpage i n  
excess of  5 ,000 cubic meters pe r  day .  Most m ines, 
however, report pumpages of less than 1 00 cubic 
meters per day . Some mines are reported to be 
11dry11 even many years after being  abandoned . 
These smal l  volumes of water reported from the 
mines are d i rectly related to the extremely low 
hydrau l ic conductivity of the rock associated with 
the coal . 
Keyword (s) : subsurface water, hydrology, coa l 
min ing,  geologic features, active m ines,  abandoned 
mines, inflow 
Location (s) :  I l l i nois, I l l inois Coal Bas in ,  Un ited 
States 
Cartwright, K . ,  C .  S .  Hunt .  Hydrogeology of 
Underg round Coal M ines in I l l i no is .  I N :  Proceed ings 
World Congress of  Water in  Min ing and 
Underground Work (S IAMOS ) ,  September 1 8-22,  
1 978 ,  R .  Fernandez-Rubio, ed . ,  G ranada,  Spai n ,  p .  
6 1 -84.  
Keyword (s) : subsurface water, coa l m in i ng ,  
hydrology 
Location (s ) :  I l l i nois,  I l l i nois Coal Basin ,  Un ited 
States 
Cartwright, K . ,  C .  S .  H u nt .  Hydrogeologic Aspects 
of Coal Min ing  in I l l i no is :  An Overview . I l l inois State 
Geologica l  Su rvey, Environ menta l  Geology Note 90, 
January 1 98 1 ,  1 9  p .  (NTIS PB 8 1 - 1 90 1 26)  
Water h as genera l ly not been a s ign ificant 
problem i n  I l l i nois m in ing ,  a lthough  most I l l i nois coal  
mines (both surface and u n derground)  l ie  partly or 
completely below the water table . Water-related 
problems in and around mines are l i kely to increase 
as it becomes economical ly feas ib le to open or 
expand
. 
surface mines in  areas with th icker and 
more permeable overburden and to place 
u nderground mines at greater depths .  Deta i led 
study of the hydrogeology of m in ing  areas before, 
du ring ,  and after m in ing  can he lp prevent problems 
that may occur .  
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Keyword (s) : su rface water, subsurface water, 
hydrology, coal m in ing ,  inflow 
Location (s) : I l l i nois,  I l l inois Coal Basin ,  Un ited 
States 
Castle,  M .  J . ,  J .  W. Hewitt, P. F. Su ine .  M in ing  
Su bsidence in  Relation to  Roads. IN :  Col lected Case 
Studies in Eng ineering  Geo logy, Hydrogeology, and 
Environmental G eology, M .J .  Kn ight, E .J .  M inty, 
and R . B . S mith , eds . ,  Eng ineering Geology 
S pecia l ist G roup  of the Geological Society of 
Austra l ia ,  I n c . ,  Sydney, p. 3 77-3 9 7 .  
A subsidence bowl forms d u e  to m in ing  o f  coal  
seams where the th ickness is smal l  i n  relation to 
the depth of cover .  Movement is g radua l  and the 
su rface does not n ecessari ly fracture or fissu re .  
Su bsidence movements can  be  predicted and an  
app l ication of  techn iques developed outside 
Austra l ia wi l l  p rovide gu idance to the amount of 
subsidence and the design parameters of roadways 
and bridges . 
Keyword (s) : coal m in ing ,  roads, prediction,  
geolog ic features, time factor 
Location (s) : Austra l ia 
Cast le,  R .  0 . ,  R .  F .  Yerkes . Su rface Deformation 
Associated With Oi l -F ie ld Operations in  the Baldwin 
H i l ls ,  Los Angeles County, Cal iforn ia . Geological 
Society of America, Special  Paper 1 2 1 (abstract 
on ly) ,  1 969 ,  p .  49-50. 
Keyword {s ) : o i l  extraction 
Location (s) : Cal iforn ia ,  Un ited States 
Castle, R .  0 . ,  R .  F .  Yerkes, F .  S .  R i ley . A Linear  
Relationsh ip  Between Liqu id Production and O i l  
F ie ld  S u bsidence . IN :  Land Subsidence,  Proceedings 
Internationa l  Symposium ,  September 1 4- 1 8 , 1 969,  
Tokyo, IAHS Publ ication 88 ,  v .  1 ,  p .  1 62- 1 73 .  
Keyword (s ) :  fl u id extraction , oi l  extraction , 
pred iction 
Catron ,  W . ,  C. V .  Col ledge . Contro l l ing S u bsidence 
of a Large I nverted Cone Above the Ore Body, 
Colorada M ine, Cananea Consol idated Copper 
Company.  Transactions Society Min ing  Eng ineers 
A I M E, Techn ical Publ ication 938 ,  1 938 ,  7 p .  
Keyword (s) : metal m in ing ,  ground control 
Location (s) : Un ited States 
Caud le,  R .  D. M ine  Roof Stab i l ity . I N :  Proceed ings 
Bureau of M ines Technology Transfer Seminar,  
Lexin gton ,  KY, March , 1 973,  G round Control 
Aspects of Coal M ine  Des ign,  U . S .  Bureau of M ines 
I C  8 630, 1 974, p .  79-85 . 
Structu ra l  ana lysis methods can be used to 
pred ict the stabi l ity of coal mine roof in entry/room­
and-pi l lar  systems and headgate/longwal l/tai lgate 
systems . The behavior of the roof reflects the 
interaction of roof, p i l lar, and floor e lements . Loca l  
roof stabi l ity is strongly inf luenced by the proxim ity 
of other openings in the mine system (other entries 
and/or panels ) . 
Keyword (s) : mine design ,  g round contro l ,  roof 
stabi l i ty, coa l m in ing  
Location (s) : Un ited States 
Caudle,  R. D. Mu ltip le Entry Desig n .  I N :  Grou nd 
Contro l Aspects of  Mine Des ign,  Proceedings 
Bu reau of Mines Technology Transfer Seminar, 
Lexington KY, March 6, 1 973,  U . S .  Bureau of 
Mines IC 8630, 1 974, p .  49-5 5 .  
The design o f  mu ltiple entries makes use of 
parametric data from structu ral ana lyses of m u lt ip le 
mine open ings .  These data can be used to deduce 
the influence of layering,  p i l lar  width , and rock 
properties u pon the behavior of rock, rib,  and f loor.  
When used in conjunction with a knowledge of the 
stress fie ld,  the properties of coa l measure rocks, 
and the geologic structure, design problem areas 
can be identified and design changes implemented 
to a l leviate problems . 
Keyword (s) : m ine desig n ,  grou nd  contro l ,  coal  
m in ing 
Location (s) : Un ited States 
Caudle,  R .  D. Panel  Design Problems .  I N :  G round 
Control Aspects of  Coa l Mine Desig n ,  Proceed ings ,  
Bureau of  Mines Tech nology Transfer Seminar,  
Lexington,  KY, March 6, 1 973,  U . S .  Bureau of 
Mines I C  8630, 1 974, p.  1 4-2 1 . 
Panel  design ,  from a ground  control viewpoint, 
proceeds i n  a man ner s imi lar  to that employed i n  
t he  design of  surface structures . 
Keyword (s) : mine des ign ,  active mines, g round  
control , coal m in i ng ,  p i l lar  strength 
Location (s) : Un ited States 
Caudle,  R .  D . ,  Y. P. Ch ugh ,  H .  Albarrac in ,  K .  
Chandrashekhar, C .  Lian g .  Effects of  Soft Floor 
I nteraction on Room-and-P i l lar  M in ing  - A Progress 
Report .  I N :  Proceedings Annua l  Minera l  Technology 
Center, Mine Systems Design and G round Control , 
Un iversity of Alabama, Tusca loosa , 1 987 ,  p .  
23-24. 
Keyword (s ) :  f loor stabi l ity, room-and-pi l lar  
Location (s) : I l l i nois, I l l inois Coal Bas in ,  Un ited 
States 
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Cavinder, M .  Longwal l  M in ing  with Sh ield Supports 
at O ld  Ben . M in ing  Congress Journa l ,  June, 1 97 8 .  
Keyword (s) :  longwal l ,  coa l m in ing  
Location (s)
.
: I l l i nois, I l l ino is Coal Bas in ,  Un ited 
States 
Cervantes,  J .  A . ,  Y. C. Kim ,  I .  W. Farmer. 
Statistica l  Prediction of Subsidence Events Above 
Abandoned Room and P i l lar  Workings in Penn  Hi l ls  
Area . I N :  Proceedings 8th An nua l  Workshop 
G eneric Mineral Tech nology Center Mine Systems 
Design and G round Contro l ,  Reno, November 5-6, 
1 99 0, E. Topuz  and J . R .  Lucas, eds . ,  Virg in ia  
Polytechn ic  I nstitute and State Un iversity, 
Blacksbu rg ,  p. 1 45- 1 5 6 .  
M a n y  su bsidence events have occu rred over 
the Pittsburgh  coal sea m .  A statistical tech n ique  is 
presented to predict risk of future subsidence . It  is 
based on the fol lowing featu res : geostatistica l 
estimates of key parameters l i kely to affect ground 
stabi l ity, m u lt iple regression ana lysis to determine 
the most s ign ificant variables, and discriminant 
ana lysis to develop ru les to class ify areas as l i kely 
or  u n l ikely to suffer subsidence . S u bsidence 
probabi l ities can be used to produce risk maps . 
Resu lts are consistent with those of an independent 
study . 
Keyword (s) : abandoned mines, coal m in ing ,  
room-and-pi l lar,  prediction , model ing ,  surface 
subsidence damage, land-use p lann ing ,  surface 
structu ra l damage, rock mechan ics, geotechn ical  
Location (s ) :  Pen nsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Chandrashekhar, K.  An Analysis of Su bsidence 
Movements and Structu ral Damage Related to an 
Abandoned Room-and-P i l lar  Coal M ine .  M . S .  Thesis, 
Department of M in ing  Eng ineering ,  Southern I l l i nois 
Un ivers ity, Carbonda le, May, 1 98 5 .  
Keyword (s) : abandoned mines, room-and-pi l lar, 
coal m in ing ,  surface structural damage 
Location (s) : I l l i nois, I l l i nois Coal Basin , Un ited 
States 
Chandrashekhar, K . ,  R. Nath , S .  Tandon . Des ign of 
Coal P i l lars Under Weak F loor Conditions .  I N :  
Proceedings 28th U . S .  Rock Mechan ics 
Symposium,  Tucson , AZ, June  29-Ju ly 1 ,  1 987 ,  
l .W .  Farmer et  a l . ,  eds . ,  Ba lkema, Rotterdam, p .  
1 03 7- 1 08 1 . 
A coa l p i l lar  on weak floor strata may be 
considered as a sha l low fou ndation on cohesive soi l  
or rock .  The theory of bearing capacity and 
settlement of sha l low foundations may therefore be 
appl ied for design ing  isolated p i l lars .  However, 
design of mu ltip le coal p i l lars and eval uat ion of 
mine stabi l ity requ i res an additiona l  consideration of 
interaction among the roof, coal p i l lar ,  and floor 
elements . 
Keyword (s} : mine design ,  p i l lar  strength , floor 
stabi l ity 
Location (s} : I l l inois,  I l l ino is Coal Bas in ,  Un ited 
States 
Chang,  C-Y. , K. Na i r .  Ana lytical Methods for 
Pred icting Subsidence Above Solution-Mined 
Cavities . I N :  Proceed ings 4th I nternationa l  
Symposium on Sa lt, Houston ,  TX, Apr i l  8- 1 2, 
1 973 .  Northern Oh io Geological  Society, C leveland ,  
v.  2 ,  p .  1 0 1 - 1 1 7 . 
Keyword (s} :  prediction , non-meta l m in ing  
Chann ing ,  J .  P .  Su bsidence at  Miami ,  Arizona .  
Transactions AI M E, v .  69,  1 923,  p .  3 94-3 9 7 .  
This paper d iscusses m in ing  methods, geologic 
features,  and min ing  operations d u ri ng  copper 
m in ing  using block caving  methods . 
Keyword(s} : metal m in i ng ,  surface subsidence 
damage, geolog ic features 
Location (s} : Arizona,  Un ited States 
Chapman,  T. Concrete Bu lkh eads for Pi l l a r  
Extraction . Eng ineering and M in ing  Journa l ,  v .  97,  
1 9 1 4, p .  1 1 45 . 
To a l low pi l lar  remova l ,  concrete columns are . 
constructed for roof support .  The columns  a re 
pou red through 6- inch boreholes from the su rface 
and t imber supports are later added between 
columns .  
Keyword (s} :  p i l l a r  extraction , roof support, 
grout ing 
Charman ,  J.  H . ,  C .  E. Cooper.  The Frindsbury Area, 
Rochester :  A Review of H istorical Data and Thei r  
I m pl ication on Subsidence i n  an  Urban Area . I N :  
P lann ing  and Eng ineering G eology, Proceedings 
22nd Annua l  Conference, Engineer ing G roup  of the 
Geological Society, Plymouth Polytech n ic,  
September 8- 1 2 , 1 98 6, M . G .  Cu lshaw et a l . ,  eds . ,  
The Geological Society, London , 1 987 ,  p .  1 1 5- 1 24.  
A sudden su bsidence u n der a footpath , which 
led to the trag ic death of a pedestri an ,  was 
fol lowed by a series of fu rther subsidences over a 
period of years, a l l  i ncidents apparently located 
with in an  area no more than approximately 1 km 
square .  The probable cause of the inc idents at 
Frindsbury h as been attributed to the existence of 
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cha lk  m ines associated with the brickfields (from 
production at the tu rn of the centu ry) and further 
i nvestigation is  now tak ing place to locate these . 
C lues to a l l  of the featu res were avai lable as open 
f i le i nformation in  publ ic records .  Th is paper 
describes how the information was acqu i red and 
assimi lated and emphasizes the importance of the 
role of the desk study in the in itia l  stages of any 
development project. 
Keyword (s} : land-use p lann ing ,  land va lues, 
eng ineeri ng ,  geologic features, su rface subsidence 
damage, surface structu ral damage, non-metal 
m in i ng  
Location (s } :  Un ited Kingdom 
Charmbury, H. 8., G .  E. Smith , · D. R. Maneva l .  
S u bsidence Control in  t h e  Anth racite Fields of 
Pen nsylva n i a .  American Society of Civil Eng ineers 
Preprint  7 2 1 ,  Annua l  and National  Meeting on 
Structu ra l Eng ineering ,  Pittsburgh ,  PA, September 
30-0ctober 4, 1 968 ,  22  p .  
Hydra u l ic  fl ush ing  projects i n  Scranton,  PA, 
used mine  waste as the fi l l i ng  materia l . 
Keyword (s ) : ground  control ,  surface structural  
damage, econom ics, hydrau l ic backfi l l i ng ,  m ine  
waste, anth racite, coal m in ing  
Location (s) : Pennsylvan ia ,  Appalach ian Coal  
Reg ion ,  Un ited States 
Chase, F. E .  Clay Veins :  Their  Physical 
Characteristics, Prediction , and Su pport .  I N :  
Proceedings,  4th Conference o n  G round Control i n  
M in ing ,  West Virg i n ia Un ivers ity, 1 985 ,  
Morgantown, p .  2 1 2-2 1 9 . 
Keyword (s } :  floor stabi l ity, coal m in ing  
Location (s} : United States 
Chekan ,  G .  J . ,  R. J .  Matetic, J .  A. Ga lek .  Strata 
I nteractions in Mu ltiple-Seam Min ing--Two Case 
Stud ies in Pen nsylvan ia .  U . S .  Bureau of M ines RI 
9056, 1 986,  1 7  p. 
The authors d iscuss investigations performed 
by the USBM to improve development in m in ing  of 
m u lt ip le coa lbeds . Two common interactions that 
occu r  between adjacent coalbeds are subsidence 
and p i l l a r  load transfer. Underground measurements 
obta ined from both mine s ites correlate with 
theoretica l  and photoelastic mu ltip le-seam model s .  
Keyword (s} : mu ltip le-seam extraction ,  p i l lar  
strength , model ing ,  coa l m in ing  
Location (s} :  Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Chekan,  G .  J . ,  R .  J .  Matetic, J .  A. Ga lek.  M u ltiple­
Seam Min ing Problems in  the Eastern Un ited States .  
IN :  Eastern Coal Mine Geomechan ics, Proceedings,  
Bu reau of Mines Tech nology Transfer Seminar, 
Pittsbu rgh ,  PA, November 1 9 , 1 98 6, U . S .  Bureau 
of Mines IC 9 1 37, p .  27-43 . 
Strata interactions between adjacent coalbeds 
occur  frequently in the Appalach ian coalfie lds and 
can  have unfavorable effects on both product cost 
and worker safety. Two common interactions that 
occur between adjacent coalbeds are subsidence 
and p i l lar  load transfer .  At two mine  s ites where 
such ground interactions were present, the Bureau 
conducted geologic stud ies and gathered var ious 
geotechn ical information on p i l lar  and entry stab i l ity 
us ing rock mechan ics instru mentation . 
Keyword (s) : mu ltiple-seam extraction ,  coal 
m in ing ,  active mines, mine safety, geologic 
featu res, geotech n ical ,  room-and-p i l lar, 
instru mentation 
Location (s) : Pennsylvan ia,  West Virg in i a ,  
Appalachian Coal Reg ion,  Un ited States 
Chekan, G .  J . ,  R. J .  Matetic,  D. L. Dwyer .  Effects 
of Abandoned Mu lt iple Seam Workings on a 
Longwal l  in Virg in ia . U . S .  Bureau of M ines R I  9247,  
1 989 , 1 5 p .  
To reduce waste and improve resou rce 
conservation ,  mine plann ing ,  and development, the 
USBM is investigating mu lt ip le seam i nteractions 
associated with longwa l l  m in i ng .  Longwal l  gate 
entry and panel stabi l ity have been infl uenced by 
previous min ing  in coalbeds above and below a 
mine in Virg in ia that operates in the Lower Ban ner 
Coalbed . Di rectly superjacent, approximately 1 1 5 
feet, the Upper Banner Coa lbed has been part ia l ly 
worked by room-and-pi llar  m in in g .  Directly 
subjacent, approximately 730 feet, the Ti l ler 
Coalbed has been worked by partia l  room-and-pi l lar  
retreat m in ing .  The study mine has experienced 
problems dur ing development of gate entries in 
areas of over- and undermin ing . It  is  anticipated 
that stress fields associated with adjacent m in ing  
may fu rther affect gate entry stabi l ity and face 
advancement during the extraction of the longwa l l  
panel . To  assess overmin ing  and u n dermin ing  
effects on ground stabi l i ty, the  Bu reau gathered 
geotech n ical information at the s ite . 
Keyword (s) : mu ltiple-seam extraction ,  longwa l l ,  
coal min ing,  room-and-pi l lar, abandoned mines,  
active mines, geotechn ical ,  instru mentation , 
mon itori ng equipment, p i l lar  strength 
Location (s) : Virg in ia ,  Appa lach ian Coal Reg ion,  
Un ited States 
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Chekan ,  G .  J .  Design Aspects in  Mu ltiple-Seam 
M i n i n g :  Case Stud ies . I N :  Proceedings 9th 
I nternationa l  Conference on G rou nd Control in 
M in i ng ,  J u ne 4-6,  1 990, S . S .  Peng ,  ed . ,  West 
Virg i n ia Un ivers ity, Morgantown , p .  1 2-2 1 . 
Developing a coal seam that has been 
influenced by previous  min ing  in  seams either above 
or below can resu lt in severe ground control 
problems .  In many instan ces, interactions between 
operations are inevitable, but improvements in 
g round  stabi l ity can usua l ly be achieved by 
pred ictin g  potential  problem areas in advance and 
adjusting the  m in ing  p lans  accord ing ly .  Th is report 
investigates fou r  case studies involving interactions 
between operations that used both room-and-pi l lar  
and longwal l  methods . 
Keyword (s ) : geologic featu res, mu ltip le-seam 
extraction ,  coal m in i ng ,  room-and-pi l lar, longwal l ,  
m ine  design ,  instru mentation , geotech n ica l  
Location (s) : Appalach ian Coal Reg ion ,  Un ited 
States 
Chen ,  C. Y., Y. N. Chen,  D. V .  Goffney. 
Arch itectu ral Measu res to Min imize Subsidence 
Damage.  Appalach ian Reg iona l  Commission Report 
ARC-73- 1 1 1 -255 1 ,  1 974, 1 30 p .  ( NTIS PB 242 
466)  
This report eva luates proposed gu idel ines, ru les ,  
and suggested practices to be used in the design 
and construction of surface structures and 
u n derground ut i l it ies to m in imize subsidence 
damage due to u n derground min ing . 
Keyword (s) : vertical d isplacement, horizontal 
d isp lacement, surface structural damage, 
subsurface structura l damage, g round contro l ,  
arch itecture ,  uti l it ies, pred iction,  engineering ,  
construction ,  coal m in ing ,  structural mitigation 
Location (s) : Appalach ian Coa l Reg ion,  Un ited 
States 
Chen ,  C. Y. , D. E. Jones, D. K.  Hunt .  Government 
Regu lation of Su rface Su bsidence Due to 
Underground M in i ng .  I N :  State-of-the-Art of G round 
Control in  Longwa l l  M in ing  and Min ing Subsidence, 
S M E-AI M E, Y. P .  Chugh  and M. Karmis, eds . ,  
September, 1 982 ,  p .  245-25 2 .  
Fol lowing  a brief d iscussion of t h e  tech n ical 
aspects and the effects of subsidence on man and 
h is environ ment, th is paper presents a h istorical 
overview of how ru les and regu lations are used to 
govern su bsidence related problems .  The devel­
opment of the regu lations of subsidence under 
Pub l ic  Law 95-87,  the Su rface M in ing  Control and 
Reclamation Act of 1 977 (SMCRA) are a lso 
discussed , inc lud ing the n ew regu lations being 
developed under the regu latory reform program . 
Keyword (s) : law, govern ment, economics 
Location (s ) :  Un ited States 
Chen,  C .  Y. Subsidence Control Measures . M in ing  
Eng ineering ,  v .  35 ,  November, 1 983,  p .  
1 547- 1 55 1 . 
This paper d iscusses the mechan ics of 
subsidence and the effects of su bsidence on g rou nd  
features . I t  also summarizes some measures used 
to m in imize the possib i l ity of damage to structu res 
as a resu lt of subsidence due to u n derground coal  
m in ing . 
Keyword (s) : g round control ,  coa l m in i ng ,  
surface structural damage, structural mit igation,  
longwal l ,  room-and-pi l lar, overburden , p i l l a r  
strength , partia l  extraction , backfi l l i ng ,  law 
Location (s) : Un ited States 
Chen,  C .  Y. , S .  S .  Pen g .  Underground Coal M in i ng  
and Attendant Subsidence Contro l :  Some H istory, 
Technology, and Research . M in ing  Eng ineeri ng ,  
February, 1 986,  p .  95-9 8 .  
Surface subsidence i s  a critical issue fac ing the 
coa l industry today. Severa l states h av� issued 
regu lations requ i ring  subsidence control p lans and  
several others are i n  the  process of  issu ing  their  
own . The industry needs to look at cu rrent tech ­
nolog ies ava i lable for subsidence control a n d  
improve o n  them . 
Keyword (s) : h istorica l ,  g round  contro l ,  m ine  
operation , surface structural damage, ut i l it ies, m ine  
des ign,  longwal l ,  room-and-pi l lar, prediction,  
model ing ,  fin ite element, law,  subsidence resea rch ,  
coal m in ing  
Location (s) :  Un ited States 
Chen , G . ,  Y. P. Chugh . Appl ication of Short-Term 
Time-Dependent Plate Load ing Tests for Estimation 
of I n -S itu Elastic and Viscous  Parameters of Weak 
Floor Strata . I N :  Proceedi ngs 9th I nternationa l  
Conference on G round Control in  Min ing,  West 
Virg in ia  Un iversity, June  4-6, 1 990, S .S .  Peng ,  ed . ,  
Morgantown , p .  238-249 . 
Th is paper explores the possib i l ity of us ing 
short-term time-dependent p late load ing tests to 
estimate the elastic and viscoelastic parameters of 
the weak floor strata typical ly associated with coa l 
seams in I l l i no is .  Plate loading tests with incre­
menta l  loads, s imi lar  to incremental creep ex­
periments, were conducted u nti l  the floor fa i l u re 
occurred . 
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Keyword (s) : f loor stabi l ity, coal m in ing ,  in  s itu 
testing ,  time factor, room-and-pi l lar,  longwal l  
Location (s) : I l l inois,  I l l ino is Coal Bas in ,  Un ited 
States 
Chen , G . , Z. Yu , Y. P. Chugh ,  G .  Hunt .  A Study of 
Bedrock Movements Associated with Room-and­
P i l lar  M in i ng  i n  A Central I l l inois M ine .  I N :  
Proceedings 4th Conference o n  G round Contro l for 
M idwestern U . S .  Coal Mines,  Mt. Vernon,  I L, 
November 2-4, 1 992 ,  Y. P .  Chugh  and G .  Beasley, 
eds . ,  Southern I l l inois Univers ity, Carbondale,  p .  
1 29 - 1 47 .  
Th is  paper d iscusses the instrumentation of the 
bedrock at an  active room-and-pi l lar  mine in I l l i no is .  
Two boreholes were dr i l led into the bedrock from 
the su rface, one on a p i l lar  and the other over an  
entry . I nc l inometer gu ide p ipes and settlement 
anchors were instal led to mon itor h orizontal and 
vert ical  d isplacements of the bedrock at d ifferent 
depths .  G eotech n ical  properties of the bedrock 
samples were a lso determined in  the laboratory . 
Keyword (s) : instrumentation , mon itorin g  
m ethods, mon itoring  equ ipment, room-and-pi l lar,  
coal  m in i ng ,  lab testing ,  in  situ testing ,  
geotechn ica l ,  horizontal d isplacement, vertica l  
d isp lacement 
Location (s) : I l l i nois,  I l l i nois Coal Basin ,  Un ited 
States 
C h l umecky, N .  A Method for Testing the Bear ing 
Capacity of Floor Strata . Min ing Eng ineering ,  v .  20, 
no. 3 ,  1 968 . 
Keyword (s) : floor stabi l ity, i n  s itu test ing 
Cho i ,  D .  S . ,  D .  L. McCa in . Design of Lon gwal l  
Systems.  I N :  S M E-AI M E  Min i  Symposium Series 
No .  7 9-07, 1 979 ,  p. 1 5-26 .  
A method of  estimating  the  cha in  p i l l a r  s ize 
req u i red to su pport the wide working  faces of 
longwal l  or shortwal l  coa l m in ing  is presented . The 
pi l lar s ize is  determined th rough the use of coal  
strength, entry geometry, panel  width, and over­
burden pressu re .  Des ign ana lysis is  focused on a 
th ree-entry development system in the Pittsburgh  
Seam but  can  be  used for other development p lans 
and other seams by substitution of the proper 
geometric and stren gth data . 
Keyword (s) : longwal l ,  m ine  des ign,  coal m in ing ,  
shortwal l ,  p i l l a r  strength 
Location (s ) :  Appalach ian Coal Region , Un ited 
States 
Choi,  D. S . ,  H .  D .  Dah l .  Measurement and Pre­
d iction of Mine Subsidence Over Room and  Pi l lar  
Workings in Th ree Dimensions .  I N :  Proceed ings 
Workshop on Surface Subsidence Due to Under­
grou nd  Min ing ,  November 30-December 2 ,  Morgan­
town , WV, 1 98 1 ,  S . S .  Peng and M.  Harth i l l ,  eds . ,  
Department of Min ing  Engineering ,  West Virg i n ia 
Un iversity, 1 982,  p .  34-47 . 
Th is paper conta ins a subsidence measurement 
taken over a room .. and-p i l lar  panel of a mine located 
in  northern West Virg in ia . A total of 72 monu ments 
were used to determ ine a th ree-d imensional  view of 
mine subsidence . In addition,  the resu lts of mea­
surements were used to compute ground stra ins  
with the  use of  a nu merica l model . Also inc luded 
are short d iscussions on geology, m in ing  method,  
the survey network, and observation procedu res . 
Keyword (s) : vertical d isplacement, horizontal  
disp lacement, mon itor ing design ,  mon itorin g  
i nsta l lation,  monitoring equ ipment, survey methods,  
su rvey equ ipment, room-and-pi l lar, prediction , 
model ing,  geologic features 
Location (s) : West Virg in ia,  Appa lach ian Coal  
Reg ion,  Un ited States 
Choi ,  D .  S . ,  H .  D. Dah l ,  D. L .  McCa in . Rock 
Mechan ics Appl ication to Room and Pi l lar  M in i ng . 
I N :  G round Contro l i n  Room-and-Pi l lar  M in ing ,  
Proceedings of the  Conference,Southern I l l i no is 
Un iversity at Carbondale,  August 6-8,  1 980, Y. P .  
Chugh ,  ed . ,  S M E-AI M E, New York, 1 982 ,  p .  65-80 .  
This paper examines current room-and-p i l lar  
m in ing  practice in the Un ited States from the 
standpoint of rock mechan ics . Consideration is  
g iven to the deformation characteristics of the roof 
formation and the coal seam as determ ined in the 
laboratory as wel l  as in  the fie ld . The resu lts can be 
used by the practic ing min ing  eng ineer to improve 
cu rrent mine design practice . 
Keyword (s) : mine des ign,  room-and-pi l lar, rock 
mechan ics, partia l  extraction ,  p i l lar  strength ,  fi n ite 
element 
Location (s) : Un ited States 
Choi ,  D. S . ,  D. L .  McCain . G round Control Aspects 
of Longwal l  Coa l Min ing . I N :  Proceedings Rapid 
Excavation and Tu nnel ing Conference, Ch icago, I L, 
June  1 2- 1 6, 1 983,  H .  Sutcl iffe and J .W .  Wi lson , 
eds . ,  S M E-AI M E, New York, p .  1 78- 1 90.  
Th is paper presents some resu lts of  ground  
control work carried on in  Consol 1 s  m ines .  Appl i ­
cation of these resu lts has improved the safety and 
productivity of the underground mines .  In  addit ion , 
some other mines in the reg ion have a lso 
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successfu l ly implemented the longwa ll m in ing  
method, resu lt ing in  the same benefit. Most of  the 
tests mentioned in  the paper  requ ire repeated 
observations to confi rm their resu lts over long 
m in ing  cycles . 
Keyword (s) : coal m in ing ,  longwal l ,  grou nd  
contro l ,  m ine  safety, room-and-pi l lar, vertica l  
d isp lacement, horizonta l d isp lacement 
Location (s) : Un ited States 
Cho i ,  D. S .  Theoretical Analysis of Breaking  
Strength of  M ine  P i l lars and Test S pecimens .  I N :  
Rock Mechan ics a s  a G u ide for Efficient Uti l i zation 
of Natural Resou rces, Proceedings 30th U . S .  
Symposium,  1 989 ,  A . W .  Kha ir, ed . ,  Ba lkema, 
Rotterdam,  p. 953-96 2 .  
Th is paper presents a theoretica l ana lysis o f  the 
effect of shape and s ize on strength of geologic 
materia ls .  The resu lts indicate that the shape effect 
is caused by the development of confin ing  pressu re 
at the i nterfaces . The l inearization of the obta ined 
formu la is of the same form determined by 
experiments . The size effect is attibuted to the fact 
that the geologic materials conta in  d iscontinu ities in  
the form of  fractures, bedd ing planes, and cleats . 
The maximum reduction factor for the size effect is 
the one-sixth power of the volume of a cu bic test 
specimen . These resu lts are usefu l in determin ing  
the strength of  p i l lars in u nderground mines .  
Keyword (s) : geologic features, p i l lar  strength , 
coal m in ing ,  rock mechan ics, lab testing,  in situ 
testing 
Ch ristiaens,  P .  C lastic Behaviour  of Main Roof Beds 
by Deep M in ing . I N :  Proceed ings I nternationa l  
Congress on Rock Mechan ics, Aachen,  1 99 1 ,  W .  
Wittke, ed . ,  v .  1 ,  p .  689-692 .  
Ber ingen Col l iery i s  workin g  at a depth of 800 
m beneath a 630-m waterbear ing overbu rden . 
Ser ious explo itation problems are caused by strata 
control fa i l u res (face breakdown ) .  No mathematica l 
rock pressu re model h as ever been able to account 
for water pressu re or the existence of fau lts . A 
measuring  campaign has proved that the behaviour  
of  the main  roof beds is not elastic . These beds do 
not subside accord ing to a right l ine,  correspond ing 
to prestressed beams of a length of  at  least 23 m, 
and their  stabi l ity is particu larly inf luenced by the 
shear res istance at their  su pport point, determined 
mostly by the geologic and geometric configu ration . 
Keyword (s) : coa l m in i ng ,  roof stabi l ity, geologic 
features, subsurface water, longwa l l ,  i nflow 
Location (s ) :  Be lg ium 
Chrzanowski , A . ,  A .  Szostak Chrzanowski . A 
Comparison of Empir ical and Determ in istic 
Prediction of M in ing  Subsidence . I N :  Land  
Subsidence, Proceedings 3 rd  I nternationa l  
Sympos ium,  Ven ice, Italy, March 1 9-25,  1 984, A . I .  
Joh nson ,  L .  Carbogn in ,  and L .  Uberti n i ,  eds . ,  IAHS 
Publ ication No.  1 5 1 ,  1 986,  p .  1 37- 1 47 .  .... 
Al l  theories for predicting  ground su bsidence in  
min ing  areas are  based either on empirical  
(statistica l )  models obta ined through fitti ng of 
selected displacement fu nctions into observed 
deformations or on determin istic model i ng  of the 
load-deformation relationsh ip .  The authors h ave 
been i nvolved in a study of surface subsidence 
produced by extraction of a steeply incl i ned coa l 
seam in d ifficu lt geological and topograph ical  
condit ions of the Canadian Rocky Mou nta ins . 
Actua l  d isplacements were compared with 
predicted va lues obta ined from an empirical  model 
and from a determin istic f in ite element model . 
Keyword (s) :  coa l m in ing ,  model i ng ,  empirical  
model ,  fin ite e lement, geologic features, survey 
methods, su rvey data process ing,  mon itor ing 
methods, computer, active mines 
Location (s) :  Canada 
Chrzanowski, A . ,  T .  Poplawski,  C. Y. Qi ,  J. Lea l .  
Use of the G lobal Position ing System in  G round 
Subsidence Stu dies . I N :  Proceedings V I I I  Congress 
I nternationa l  Society for M ine  Su rveying ,  September 
22-27, 1 99 1 ,  University of Kentucky, Lexin gton ,  
UKY BU 1 54, p .  203-209 . 
S ince 1 985,  the Eng ineering  S u rveys Research 
Group at the Un iversity of  New Brunswick i n  
Canada have used the  G lobal Position ing System in  
several deformation measu rement projects inc lud ing 
ground deformation stud ies in o i l  f ields in Venezue la  
and in a potash min ing area in  Canada .  
Keyword (s) : o i l  extraction ,  non-metal m in ing ,  
su rvey methods, su rvey equ ipment, mon itor ing 
methods, vertical d isp lacement 
Location (s) :  Venezue la , Canada 
Chudek, M . ,  K .  Podgorsk i ,  Z .  Szczepan iak .  Badan ie  
Zachowan ia  S ie Kabl i  Telekomun ikacyjnych ,  
Ukladanuch na Terenach Szkod Gorn iczych 
( I nvestigation of Behavior of Telecommun ication 
Cables La id in  Areas Affected by M in i ng  
Subsidence ) .  Przeglad Gorn iczy, v .  24, no .  9 ,  1 968 ,  
p . 403-4 1 1 .  
Keyword (s) : ut i l ities 
Chudek, M . ,  A.  Pach , R. Zyl inski ,  W. O laszowski . 
Problmy Utrzymania  Rorg iagow na Terencah 
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Gorn iczych ( Problems of Pipel ine Maintenance in  
Min ing Areas) . Przeglad Gorn iczy, v .  25 ,  n o .  3 ,  
1 969 ,  p .  1 1 9 - 1 24 .  
Keyword (s ) : p ipel ines 
Ch u dek, M .  S ize and Shape of the Protect ing Pi l lars 
Under S u rface and Underground Structu res for the 
Cond it ions of G reat Depths .  I N :  Strata Control in  
Deep Mines :  Proceedings 1 1 th Plenary Scientific 
Session of the I nternationa l  Bureau of St�ata 
Mechan ics, World M in ing  Congress, Novosib i rsk, 
June  5-9, 1 98 9 ,  Ba lkema ,  Rotterdam,  p .  6 1 -72 . 
When m in ing  in the vicin ity of surface 
structures, it is necessary to define protect ing 
p i l l a rs beneath the structures to prevent damage 
due to settlement.  The size and shape of these 
p i l l a rs depends on strength of the rock massif, 
m in i ng  depth , ang le  of inc l ination of beds, th ickness 
of overbu rden,  and whether fau lts are present .  The 
bas is of design of protect ing p i l lars, taking these 
factors into account is discussed with particu lar 
reference to m in ing  and geological cond it ions of 
Polan d .  
Keyword (s) : geologic features, overburden , 
m ine  design ,  p i l lar  strength 
Location (s) :  Poland 
C h u g h ,  Y. P. ,  K .  Chandrashekahr, R.  M issavage, S .  
O ber .  A n  Ana lysis of S ubsidence Movements 
Associated with an Abandoned Sha l low Room-and­
P i l lar  Coal  Mine .  I N :  Proceedings 2nd Workshop on 
S u rface S u bsidence due to Underground Min ing ,  
Morgantown,  WV,  June  9- 1 1 ,  1 986,  S .S .  Peng,  
ed . ,  West Virg in ia Un iversity, p .  1 94-203 . 
An a rea in the midwesteril Un ited States 
overlying  abandoned room-and-pi l lar  mine workings 
at sha l low depth h as been experiencing su bsidence 
movements with associated damage to surface 
structu res . Other coal compan ies in the area have 
a lso been h aving s imi la r  experience. A 1 6-month 
cooperative study between a min ing  company and 
the Department of M in ing  Eng ineering at Southern 
I l l i nois Un ivers ity, Carbondale, was developed 
Keyword (s ) : abandoned mines ,  room-and-pi l lar ,  
geologic featu res, hydrology, surface structu ral 
damage,  rock mechan ics, instrumentation , coal 
m in ing  
Location (s) : I l l inois,  I ll i nois Coa l  Basi n ,  Un ited 
States 
C h u g h ,  Y. P . ,  A. Van Besien , eds. Proceedings, 
F i rst Conference on G round Control Problems in the 
I l l i nois Coal  Bas in . Southern I l l inois Univers ity at 
Carbonda le,  1 980, 30 1 p .  
The Conference consisted of five sessions on 
geology of the I l l i nois Basin  and geologic factors 
affecting min ing ,  ground control in the room-and­
pi l lar m in ing system, artific ia l  supports, longwal l  
min ing,  and su bsidence . The primary objectives of 
the conference were to compi le and d isseminate 
ava i lable information and experience related to 
ground control ,  and to present cu rrent operatin g  
problems a n d  ongoing _g round control research 
pertinent to basin mines .  
Keyword (s ) :  g round control ,  coa l  min ing,  m ine  
operation , su bsidence research ,  active mines, 
abandoned mines,  room-and-pi l lar, longwa l l ,  
geologic featu res, floor stabi l ity, mode l ing ,  roof 
bolting,  mine design 
Location (s) : I l l inois,  I l l inois Coal Bas in ,  Un ited 
States 
Ch ugh ,  Y. P . ,  R .  A. M issavage . Effects of Moistu re 
on Strata Control in Coal Mines .  I N :  Proceedings 
1 st Conference on Ground Control Problems i n  the 
I l l inois Coa l  Basin , August 22-24, 1 979 ,  Southern 
I l l inois Un iversity, Carbonda le, 1 980, p .  70-8 8 .  
Moistu re has been known to influence strata 
fa i l u res in  coa l mines for a long time . A concise 
review of what is known about effects of moistu re 
on strata control with emphasis on the I l l i nois Basin 
Coal mines is presented in  th is paper.  
Keyword (s} :  coal m in ing ,  g round contro l ,  lab 
testing,  roof stabi l ity, roof bolti ng  
Location (s) : I l l i nois,  I l l inois Coal Bas in ,  Un ited 
States 
Ch ugh ,  Y. P . ,  J .  Bauer, C. Bandopadhay, C. Bol l ier .  
.Subsidence Pred iction Due to Auger Min ing of  Coal 
P i l lars .  I N :  Workshop on Su rface Subsidence Due to 
Underground Min ing ,  Morgantown, WV, 1 98 1 . 
Keyword (s) : prediction,  coal m in ing  
Chu g h ,  Y .  P . ,  A.  Okunola ,  M .  Ha l l .  Moistu re 
Absorption and Swel l i ng  Behavior of the Dykersburg 
Sha le .  Transactions Society of M in ing  Eng ineers, v .  
268 ,  1 98 1 , p .  1 808- 1 8 1 2 . 
Effects of moistu re absorption on the behavior 
of the Dykersburg shale overlyin g  the Harrisburg 
coal seam in southern I l l i nois are presented in th is  
paper.  
Keyword (s) : roof stabi l ity, lab testing ,  coal 
m in ing ,  rock mechan ics 
Location (s) : I l l i no is,  I l l inois Coal Bas in ,  Un ited 
States 
Ch ugh ,  Y. P . ,  J .  Bauer, C. Ban dopadh ay .  Effect of 
Weak Floor I nteraction on Stabi l ity of M ine  
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Open ings .  I N :  Proceed ings,  Meeting of Petro leum 
Society of the Canada I nstitute of Min ing and the 
Canadian Sympos ium on the Eng ineering  
Appl ication of  Mechan ics, June ,  1 982 ,  Nationa l  
Research Cou nci l  of Canada, Ottawa, Ontario, p .  
3 7-43 . 
Th is paper presents the resu lts of weak floor 
interaction on the stabi l ity of coal p i l lars and mine  
open ings .  The resu lts are  based on ana lytical 
stud ies using a two-d imensiona l  (plane stra in )  
e lastic-p lastic f in ite e lement mode l .  The effects of 
varying  soft floor th ickness, latera l stress f ie ld, and 
depth of min ing were the primary variables 
investigated . 
Keyword (s) : floor stabi l ity, m ine  operation,  coa l 
m in i ng ,  fin ite e lement, model ing  
Location (s) : Un ited States 
Ch u g h ,  Y. P . ,  M .  Karm is,  eds . State-of-the-Art of 
G round Control in Longwal l  M in ing  and Min ing  
S u bs idence . Proceedings of Symposiu m ,  Society of 
M in i ng  Eng ineers of the American I nstitute of 
M in i ng ,  Meta l l u rg ica l  and Petro leum Eng ineers Fal l  
Meeting ,  September, 1 982 ,  27 1 p .  
Keyword (s) : g round contro l ,  longwal l ,  coal 
m in i ng  
Location (s) : Un ited States 
Chugh ,  Y. P . ,  R. D. Cau dle,  C. Bandopadhay. 
Ana lysis of Soft Floor I nteraction in Underground 
Min ing at an  I l l inois Basin Coa l  M ine .  I N :  
Proceedings,  I nternation a l  Society for Rock 
Mechan ics Sympos ium on Design and Performance 
of Underground Excavations, Cambridge, Eng land,  
September, 1 984, E .T .  Brown and J .A .  Hudson , 
eds . ,  British G eotech n i_ca l  Society, London,  p .  
383-390 .  
Th is  paper  presents the  resu lts of  ana lytical and  
f ie ld stud ies to  ana lyze the effects of  soft floor on  
u ndergrou nd room-and-pi l lar  m in ing . Two­
d imens iona l  fin ite e lement ana lyses were used to 
analyze the effect of soft floor on stress d istribution 
in and around m ine  open ings and coal p i l lars du ring  
m ine  development and retreat m in i ng .  F ie ld stud ies 
involved measurement of convergence and sag in 
roadways and intersections duri ng  mine develop­
ment and retreat m in ing ,  bearing  capacity of floor, 
and measurement of p i l lar  deformations ahead of 
retreat m in i ng .  The ana lytical and field studies data 
were used to prepare ( 1 )  design charts for deter­
m in i ng  the safe percentage of coa l extraction to 
m in im ize  floor heave for varying soft floor th ickness 
and strength of u n derclay, and (2) gu idel ines to 
conta in  floor h eave . 
Keyword (s) :  rock mechan ics, f loor stabi l ity, coa l 
m in ing ,  mine design 
Location (s) :  I l i nois Coal Bas in , I l l i nois ,  Un ited 
States 
Chugh ,  Y. P . ,  R. Missavage, R. D. Caudle,  S. O ber, 
K. V .  K. Prasad . Effect of Pi l lar Extraction on Roof 
Control . Annua l  Meeting  of the American M in i ng  
Congress and I nternationa l  Coal Show, Ch icago, 
May, 1 984.  
Keyword (s} : roof stabi l ity, roof support, p i l lar  
extraction , coa l  m in ing  
Location (s} : I l l i nois, I l l inois Coa l Bas in ,  Un ited 
States 
Ch ugh ,  Y. P . ,  P. S ingh . A Study of the Long-Term 
Strength of Herrin Coal from a Southern I l l i nois  
M ine .  IN :  Proceedings 2nd Conference on G round  
Control Problems in  the  I l l inois Coal Bas in , May 
1 985 ,  Y. P .  Chu g h ,  ed . ,  Southern I l l i nois Un ivers ity, 
Carbondale,  p. 46-54. 
This paper attempts to develop the long-term 
strength data from Herrin Seam coal from a 
selected site in southern I l l i nois .  Unconfined 
compress ive strength tests were conducted on  
about 3 . 0- inch cubical model coa l p i l lars to  study 
changes in  their mechan ical  behavior with in ­
creasing stress and to  identify critica l  stress l evels 
for long-term stab i l ity . Two creep tests were a lso 
conducted on model coal p i l lars to study their t ime­
dependent behavior and to determ ine if their  t ime to 
fa i l u re cou ld be predicted . 
Keyword (s} : coa l m in ing ,  rock mechan ics, p i l lar  
strength , model i ng ,  lab  testing  
Location (s} :  I l l i nois, I l l inois Coa l  Basi n ,  Un ited 
States 
Chu g h ,  Y. P. I n -S itu Strength Characteristics of 
Coal Mine Floor Strata in I l l i no is .  U . S .  Bureau of 
Mines OFR  1 6-87,  1 986,  contract J0256002, 
1 60 p. 
Th is report presents data on  bearin g  capacity 
and in-place shear strength characteristics of 
immediate floor strata . An attempt was made to 
correlate the field data with laboratory-determ ined 
strength-deformation characteristics and 
eng ineering  index properties of  f loor  strata from 
ongoing studies . 
Keyword (s} : i n  situ testing ,  floor stabi l ity, coa l 
m in ing ,  active mines 
Location (s) : I l l inois, I l l inois Coal Bas i n ,  Un ited 
States 
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C h u g h ,  Y. P . ,  K .  Chandrashekhar, R. D. Caudle,  S .  
S h a n kar, R .  Nath . Effects of Soft F loor I nteraction 
i n  Room-and-P i l lar  Coal M in i ng .  I N :  Proceedi ngs 4th 
Ann ua l  Workshop G eneric Mineral Technology 
Center M ine  Systems Design and Ground Control ,  
Moscow, I D, October 2 1 -2 6, 1 98 6, Department of 
M in i ng  and M inerals Eng ineering ,  Virg in ia 
Po lytechn ic  I nstitute and State Univers ity, p .  33-43 . 
· Th is paper presents resu lts of geotechn ical  
stud ies to ana lyze the effects of weak f loor on the 
stab i l ity of mine open ings and coa l p i l lars in  a room­
and-p i l lar  coal mine in central I l l i no is .  I mmediate 
floor strata cores were studied in the laboratory for 
eng ineeri ng  i ndex properties . Ultimate bear ing 
capacity tests were conducted i n  the f ie ld under as­
m ined and soaked-wet conditions .  Borehole shear 
tests were performed to determine in-place 
cohesive strength and ang le of interna l  friction . 
Floor su bstrata movements, d ifferentia l  roof strata 
movements, p i l lar  load changes and su rface 
subsidence were a lso being mon itored over a 
m in i ng  panel . 
Keyword (s} :  coal m in ing ,  room-and-pi l lar, floor 
stabi l i ty, lab testing ,  in situ testing,  geotechn ica l ,  
p i l l a r  strength , computer, monitor ing methods, 
mon itori n g  equ ipment, surface subsidence damage, 
survey methods, f in ite e lement 
Location (s } : I l l i nois, I l l ino is Coa l Basin ,  Un ited 
States 
Chugh ,  Y. P . ,  R. Nath , S. Shankar .  Time-Dependent 
Behavior of I mmediate Weak F loor Strata from an 
I l l i nois Coal M ine .  I N :  Proceedings 6th I nternationa l  
Conference on G round Control i n  Min ing,  June  
9- 1 1 ,  1 987 ,  Department of  M in ing  Engineering,  
West Virg in i a  Univers ity, Morgantown . 
The paper d iscusses laboratory and field studies 
to ana lyze time-dependent deformation behavior of 
immediate weak floor strata in an I l l i nois coal m ine .  
I n  the laboratory, core samples of  the immediate 
f loor strata were subjected to incrementa l  creep 
tests u n der u nconfined compressive stress.  Both 
axial and latera l creep deformations were recorded . 
A l inea r  viscoelastic model was developed to 
represent the laboratory t ime-dependent behavior of 
immediate floor strata . Such a model may be 
acceptable for the design of partia l  extraction 
m in i ng  systems h aving extraction ratios of 40% to 
60% . Fie ld observations of roof-floor convergence 
at the mine a lso ind icated a time-dependent 
behavior s imi lar  to that observed in the laboratory . 
Keyword (s) : coal m in ing ,  lab testing ,  in s itu 
testing ,  time factor, floor stabi l ity, rock mechan ics, 
model ing,  part ia l  extraction , fin ite e lement, 
geotechn ical ,  viscoelastic model 
Location (s) : I l l inois,  I l l inois Coal Bas in ,  Un ited 
States 
Chugh , Y. P . ,  K. Chandrashekhar, R. D. Caud le .  A 
Field Geotechn ical  Study of the Effects of Weak 
Floor Strata on Underground Coal M in ing  in  I l l i nois . 
I N :  Key Questions in Rock Mechan ics, Proceed ings 
29th U .S .  Sympos ium,  Min neapol is,  M N ,  J u ne 
1 3- 1 5 , 1 988,  P .A.  Cunda l l ,  R . L. Sterl i ng ,  and A . M .  
Starfield, eds . ,  Ba lkema, Rotterdam,  p .  68 1 -690.  
Th is paper  deta i ls resu lts to date of a geo­
techn ical field study in  a room-and-pi l lar  m ine .  The 
primary objective of the study was to acqu i re data 
on roof/pi l lar/weak  floor interactions so data cou ld 
be compared with resu lts of ana lytical studies . 
Keyword {s) : coal m in ing ,  floor stab i l ity, rock 
mechan ics, geotech n ical ,  room-and-p i l lar, f in ite 
element, lab testing ,  in s itu testing ,  
instru mentation , mon itor ing methods 
Location (s) :  I l l inois, I l l inois Coa l Basin ,  Un ited 
States 
Chugh ,  Y. P . ,  S .  Kuscu,  A. Atr i ,  R .  Sweigard .  
Subsidence Mon itoring a t  a Sha l low Partia l  
Extraction Room-and- Pi l lar  Mine in  M idwestern 
Un ited States . 1 3  p .  
Trough o r  sag type surface subsidence m a y  be 
observed above partia l  extraction sha l low (less than  
1 00 m deep) room-and-pi l lar  mines particu larly 
where the coal seam is associated with weak and 
th ick  underclays in the  floor. Th is  paper presents 
resu lts of subsidence stud ies at such a m ine .  The 
specific objectives of the study were to { 1 )  ana lyze 
su bsidence movements for vertica l and h orizonta l  
disp lacements and stra in  profi le characteristics and 
{2 )  correlate su bsidence movements with observed 
underground movements . 
Keyword {s) : room-and-pi l lar, coal m in ing ,  part ia l  
extraction ,  active mines, f loor stabi l ity, agricu ltu re, 
monitori ng methods, mon itoring design ,  mon itorin g  
equ ipment, su rvey data process ing,  vertical 
disp lacement, horizontal d isplacement 
Location (s) :  I l l i nois, I l l ino is Coal Bas in ,  Un ited 
States 
Chugh ,  Y. P . ,  A. Atri, J. Dougherty . Laboratory and 
Field Characterization of  I mmediate Floor Strata in 
I l l i nois Bas in  Coal Mines .  I N :  Rock Mechan ics as a 
Gu ide for Efficient Uti l ization of Natural Resou rces, 
Proceedings of 30th U . S .  Symposium,  1 98 9 ,  A .W.  
Kha i r, ed . ,  Balkema, Rotterdam ,  p .  47-54. 
6 8  
Laboratory and f ie ld geotechn ical  characteriza­
t ion studies of weak floor strata were conducted at 
s ix m ines du r ing the period from 1 985 to 1 98 8 .  
Correlation ana lys is among eng ineering  index 
properties and laboratory and field determined 
strength-deformation properties were conducted to 
identify s imple tests that can be used to estimate 
u lt imate bearin g  capacity and deformation proper­
ties of immed iate floor strata . It was concluded that 
the u ltimate bearing  capacity and strength­
deformation properties of weak f loor strata can be 
est imated from tests of natu ra l moisture content, 
atterberg l im its, and axial swel l ing stra in . I nd i rect 
tens i le  strength was fou nd to be a better estimator 
of UBC than unconfined compressive strength . 
Keyword (s) :  floor stab i l ity, coal m in ing ,  active 
m ines, lab testing ,  in s itu testing ,  geotechn ica l ,  
rock mechan ics 
Location {s) : I l l ino is ,  I l l i nois Coal Bas in ,  Un ited 
States 
C h u g h ,  Y. P . ,  A. Atri . Subsidence Mon itor ing at a 
Sha l low Partia l  Extraction Room-and-Pi l lar  Mine in  
M idwestern United States . IN :  Rock Mechan ics as a 
G u ide for Efficient Uti l i zation of Natural Resources, 
Proceedings 30th U . S .  Sympos ium,  1 989,  A .W . 
Khair ,  ed . ,  Balkema ,  Rotterdam, p .  7 1 5-72 2 .  
S u bsidence may b e  observed above partia l  
extraction sha l low room-and-pi l lar  m ines where the 
coal  sea m (s )  is associated with weak and th ick 
c laystone i n  the floor.  This paper presents resu lts of 
su bsidence studies at such a mine . 
Keyword (s ) :  mon itor ing methods, part ia l  
extraction ,  room-and-p i l lar, coal min ing, floor 
stabi l ity, time factor, vertical d isplacement, ang le of 
d raw, h orizonta l  d isplacement, active mines 
Location {s) : I l l inois,  I l l ino is Coal Basin ,  Un ited 
States 
Chugh ,  Y. P . ,  W. M .  Pytel, 0 .  Pu la . A Modified 
Approach for Design of Coal P i l lars for Weak Floor 
Strata Conditions .  I N :  Proceedings, 3rd Conference 
on G round Control Problems in the I l l i nois Coal 
Bas in ,  Mt. Vernon,  I L, August 8- 1 0, 1 990, Y. P .  
Ch u g h ,  ed . ,  Southern I l l ino is Un iversity, Carbondale, 
p. 1 1 1 - 1 24 .  
Th is paper briefly describes a n d  i l l ustrates a 
mod ified approach for design of coal p i l lars u nder 
weak  floor strata condit ions considering  UBC as 
well as p i l lar  settlement .  The approach is  based on 
an approximate solution for estimation of the U BC 
for a sha l low fou ndation on a two-layered rock 
system .  S im i la rly, deformabi l ity u nderneath a fu l l -
size p i l lar  is estimated from deformabi l ity ca lcu lated 
from the plate load ing tests . The effect of adjacent 
p i l lars on the UBC and deformabi l ity of coal p i l l a rs 
in a panel is a lso considered us ing foundation 
engineering ana lysis tech n iques .  Design of p i l la rs 
based on l im iti ng settlements considers both 
d ifferential settlements as wel l  as mean settlement 
of p i l lars in a panel . 
Keyword (s) : m ine des ign ,  coal m in i ng ,  p i l lar  
strength,  room-and-pi l lar, p i l lar  extraction , floor 
stabi l ity, model i ng ,  in  situ testing ,  prediction 
Location (s) : Un ited States 
Chugh ,  Y. P . ,  C .-C .  Lia ,  X . -H .  Weng ,  K. 
Chandrashekhar .  An Analysis of the Effect of 
Augering of Coal P i l lars on Mine  Stabi l ity and 
Surface Subsidence . IN :  Proceedings,  3 rd 
Conference on G round Control Problems in the 
I l l i nois Coal Bas in , Mt.  Vernon , I L, August 8 - 1 0, 
1 990, Y. P .  Ch ugh ,  ed . ,  Southern I l l ino is  Un iversity, 
Carbondale, p.  1 9 1 -207 . 
Mine stabi l ity and subsidence effects of a uger  
min ing coa l  p i l lars duri ng  retreat min ing are 
ana lyzed with fi n ite element tech n iques .  The 
analyses show that auger m in ing  is  possib le and 
sh ould not cause the remnant structure to be 
unstable if the f irst auger hole  is located at least 
3 .5 feet away from the coal r ib and spacing  
between a uger ho les is  at least 2 feet . Resu lts 
presented in this paper shou ld also be va l id  if auger 
holes are developed on a l l  fou r  sides of a p i l l a r .  
Keyword (s) : coa l  m in ing ,  fin ite e lement, p i l l a r  
extraction,  p i l l a r  strength , room-and-pi l lar, geologic 
featu res, f loor stabi l ity, model ing 
Location (s ) :  I l l i nois ,  I l l inois Coal Bas in ,  Un ited 
States 
Chugh ,  Y. P . ,  M .  E. Ph i l l i ps ,  K. Chandrashekhar, A .  
K. Atr i ,  S .  E .  Haq . Identification of  M ine  
Characteristics, Conditions, and Procedu res for 
Design of Stable Partia l  Extraction Room-and-P i l lar  
Mines in I l l i no is .  I N :  Proceedings,  3 rd Conference on 
Ground Control Problems in the I l l ino is Coa l  Basin ,  
Mt. Vernon,  I L, August 8- 1 0, 1 990, Y .  P .  Chugh ,  
ed . ,  Southern I l l inois University, Carbondale,  
p .  1 - 1 7 . 
Stabi l ity of partia l  extraction room-and-pi l lar  
mines depends on a nu mber of interrelated 
geologica l ,  geotech n ica l  and eng ineeri ng  (m ine  
des ign)  parameters . Identification and corre lation of 
these parameters is a logical  f i rst step in 
understanding the causes of m ine  instabi l itities and 
developing design gu ide l ines . Th is paper d iscusses 
an attempt to identify and subsequently develop 
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commonly encou ntered roof l ithologic sequences 
associated with the No .  6 coa l seam in  I l l i no is .  The 
association of these l ithologic sequences with 
observed m ine  stabi l ity and artific ia l  roof support 
performance is presented . Based on an ana lysis of 
specific i nstabi l it ies such as roof fa l ls,  floor 
squeezes and surface subsidence for d ifferent 
geological  and m in ing  condit ions, an attempt is 
made to identify a ppropriate safety factors for mine 
des ign in  I l l i no is .  
Keyword (s) : coa l m in ing ,  room-and-pi l la r, partia l  
extraction , roof stab i l ity, roof su pport, floor 
stab i l ity, geologic features, m ine  design ,  
geotec h n ica l ,  eng ineering ,  p i l lar  strength , roof 
boltin g  
Location (s) : I l l i nois,  I l l ino is Coal Basin ,  United 
States 
Ch u g h ,  Y. P ., Z. Yu , P. E. Mi l ler .  A G round Control 
and S u bsidence Study of a Longwal l  Mine in 
Southern I l l i nois .  I N :  Proce.edings 4th Conference on 
G round  Control for M idwestern U . S .  Coal M ines, 
November 2-4, 1 992 ,  Y. P .  Chugh and G. Beasley, 
eds . ,  Southern I l l i nois Un ivers ity, Carbondale, p .  
1 95-2 1 6 . 
Th is  paper presents the results of an ongoing 
f ie ld geotech n ical study in  a longwa l l  mine in  
south ern I l l i nois .  The study inc ludes both surface 
and  u nderground instru mentation and monitorin g .  
S u rface su bsidence mon itoring inc ludes vertica l and 
horizonta l  deformations of  monuments a long and 
across the study panel ,  and underground instrumen­
tation inc ludes measurement of changes with face 
retreat in vertical  p ressu re anq horizontal de­
formation of cha in  p i l l a rs, and roof-floor con­
vergence,  roof sag, and f loor h eave in  entries . An 
attempt is  made to correlate the su race and in-mine 
g rou nd  movements . A hyperbol ic tangent equation 
appears to fit changes in  p i l la r  deformation , con­
vergence, and surface su bsidence data as a 
fu nction of face position . 
Keyword (s } :  longwal l ,  mon itoring meth ods, 
active m ines, instru mentation , in situ testing,  
mon itoring  equ ipment, su rvey methods, su rvey data 
process ing,  model ing ,  floor stabi l ity, roof stabi l ity, 
m ine  design ,  coal m in ing ,  p i l lar  strength 
Location (s) : I l l inois ,  I l l ino is Coal Bas in ,  Un ited 
States 
Ch u g h ,  Y. P . ,  W. M .  Pytel . Analysis of Alternate 
Room-and-P i l lar  M in i ng  Geometries Using  the S I U  
Panel . 2 0  Model . I N :  Proceedings 4th Conference on 
G round Control for M idwestern U . S .  Coal  Mines, 
Mt .  Vernon ,  I L, November� 2-4, 1 992 ,  Y. P .  Chugh  
and G .  Beasley, eds . ,  South ern I l l ino is Univers ity, 
Carbondale,  p. 7 1 -9 1 . 
This research is an attempt to develop a lternate 
mine geometries with variable size p i l lars a long and 
across a panel based on safety factors and p i l l a r  
settlement consideration s .  
Keyword (s} :  floor stabi l i ty, model i ng ,  room-and­
pi l lar, mine des ign,  active mines,  p i l lar  strength 
Location (s} : I l l i nois,  I l l inois Coal Bas in , Un ited 
States 
Chugh ,  Y. P . ,  Z. Yu , P� E. Mi l ler .  A G round Control 
and Subsidence Study of a Longwal l  M ine in 
Southern I l l i no is .  I N :  Proceedings,  I l l ino is M in i ng  
I nstitute, Centenn ia l  Year, 1 992 ,  p .  4-2 5 .  
This paper presents t h e  resu lts of an  ongoing 
field geotechn ical study in  a longwal l  m ine in  south­
ern I l l ino is .  The study inc ludes both surface and 
underground instru mentation and mon itori n g .  S u r­
face su bsidence mon itoring included vertical and 
horizontal deformations of  65 monu ments a long 
and across the  study panel . Underground instru ­
mentation inc luded measurement of changes with 
face retreat in vertica l pressu re and horizontal  
deformation of cha in p i l lars, and roof-floor con­
vergence, roof sag, and f loor heave in  entries . An 
attempt was made to correlate the surface and in­
mine ground movements . A hyperbol ic tangent 
equation appears to f it changes in  p i l lar deforma­
t ion, convergence, and surface su bsidence data as 
a fu nction of face position . The developed equa­
tions may be used by the min ing industry to p lan 
addit iona l  supports in entries, vacating  su rface 
structures, and in plann ing  I.and use over m ined-out 
areas .  
Keyword (s} :  longwal l ,  geotech n ical ,  coal 
m in ing ,  instru mentation , mon itori ng  methods, 
mon itoring equ ipment, vertica l d isplacement, 
horizontal d isplacement, su rvey design ,  survey 
methods 
Location (s} : I l l inois,  I l l ino is Coal Bas i n ,  Un ited 
States 
Chugh ,  Y. P . ,  ed . G round Control in Room-and- Pi l l a r  
Min in g .  Proceedings Conference on G round Control 
in  Room-and-Pi l lar  M in ing ,  August, 1 980, South ern 
I l l inois University, Carbondale,  S M E-AI M E, 1 982 ,  
1 57 p .  
This proceedings conta ins 2 6  techn ical  papers 
on ground control practices in coa l and noncoal 
mines.  
Keyword (s) : room-and-pi l lar, coal  min ing,  m ine  
des ign,  mine safety, g round contro l ,  roof stab i l ity, 
70 
bumps,  metal m in ing ,  rock mechan ics, roof support, 
p i l lar  strength , model ing ,  mon itoring  methods, 
a bandoned m ines,  mon itoring equ ipment, backfi l l i ng  
Location (s ) : Appa lach ian Coa l  Region , I l l ino is,  
I l l i nois Coal Bas in ,  Un ited States 
Ch u g h ,  Y. P . ,  ed . Proceed ings,  Second Conference 
on G round  Control Problems in the I l l inois Coal 
Bas in , May 29-3 1 , 1 985 ,  Southern I l l i nois 
Un ivers ity, Carbon da le, 1 58 p .  
Fa l ls  of roof, r ibs, a n d  sides account for more 
than 50% of fata l and non-fata l inju ries in the U . S .  
and  I l l i nois underground coal mines .  T h e  need for 
better c�ntrol of the grou nd from a safety point of 
view is therefore q u ite apparent. Additiona l ly, 
u ncontrol led surface and subsurface movements 
d u e  to ground  fa i l u res can s ign ificantly impact 
agricu ltural lands,  water resou rces, and fish and 
wi ld l ife h abitats and cause damage to  surface 
structures . Therefore, contro l  of the grou nd during 
min ing is  a lso imperative from soc ia l ,  economic, 
and environ mental points of view . The papers 
presented in  th is  volume represent research 
advances and industry experience in  g rou nd control 
s ince the s imi lar  conference held in  1 980.  Su rface 
su bsidence and its contro l has drawn considerable 
p u bl ic  attention i n  I l l inois in  the recent past, and 
severa l papers on the  subject are inc luded . 
Keyword (s} : g round contro l ,  coal m in ing ,  
subsidence research ,  geolog ic  featu res, m ine  
safety, agricu ltu re, wi ld l ife, envi ron ment, hydrology 
Location (s) : I l l i nois,  I l l i nois Coal Basi n ,  Un ited 
States 
Ciesie lski , R., M .  Czosnowski . The Construction of 
a Passenger Chair l ift in  a M in ing  Su bsidence Area 
and its Protection . I N :  Large G round Movements 
and  Structu res, Proceedings I nternationa l  
Conference, Un iversity of  Wales I nstitute of 
Science and Technology, Card iff, 1 977 ,  J . D .  
G eddes, ed . ,  John Wi ley & Sons, New York, 1 978 ,  
p .  5 9 7-605 . 
A recreationa l  cha i r  l ift was constructed in the 
territory of the Park of Cu ltu re and Recreation at 
Chorzow, in  the center of the S i lesian industria l  
d istrict of Polan d .  The area in which the park is 
located is not su itable for general bu i ld ing purposes 
s ince it is  subjected to large  min ing subsidence 
movements which are on a conti nu ing  basis . 
Keyword (s) : construction ,  su rface structural  
damage, coal m in i ng ,  eng ineering ,  horizontal 
d isp lacement, mon itor ing methods 
Location (s} : Po land 
Ciesielski, R .  Dynamic Min ing  I nfl uences on S u rface 
Structures - Analysis and Methods of Eva luation . 
I N :  G round Movements and Structu res, Proceedings 
4th I nternational  Conference, Un iversity of  Wales 
Col lege of Card iff, J . D .  Geddes, ed . ,  J u ly 8- 1 1 ,  
1 99 1 ,  Pentech Press, London , 1 99 2 ,  p .  305-337 . 
These investigations into the problem of dyna­
mic min ing influences in  two reg ions of Poland 
accord ing to  current practice, show that th is  prob­
lem can be serious for bu i ld ings in  these reg ions,  
and can lead to damage or deterioration of  
bu i ld ings,  particu larly old ones .  
Keyword (s) : su rface structural damage, active 
mines, abandoned mines 
Location (s) : Poland 
Cife l l i ,  R .  C. ,  H.  W.  Rauch . Dewaterin g  Effects from 
Selected Underground Coa l Mines in  North-Centra l 
West Virg in ia . I N :  Proceedi ngs 2nd Workshop on 
Surface Su bsidence due to Undergrou nd M in i ng ,  
Morgantown , WV, June  9- 1 1 ,  1 986,  S .S .  Peng ,  
ed � ,  West Virg in ia Un ivers ity, p .  249-263 . 
This study documented the effects of u nder­
ground coal removal on groundwater levels at 
selected mine s ites in  northern West Virg in i a ,  as 
observed from water wel ls ,  springs,  and streams.  
Th is research should be usefu l to coa l  compan ies 
and reg u latory agencies as an aid in recom­
mendations for  futu re water wel l  locations and 
specifications in  areas of  existin g  or proposed 
underground coal mines 
Keyword (s) : subsurface water, surface water, 
hydrology, coal m in ing ,  active m ines,  abandoned 
mines,  inflow 
Location (s ) :  West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Cizek, K.  Packing  Goat with Sand and G ranu lated 
S lag by the F lush ing Process . Col l iery G uard ian ,  v .  
8 5 ,  1 903, p .  1 274. 
This article g ives a genera l  description of sand 
and granu lated s lag f lush ing ,  under German towns .  
Benefits inc luded a su bstantia l  increase in  coal 
extraction,  no subsidence at the su rface, and 
prevention of  fire . 
Keyword (s) :  hydrau l ic backfi l l i ng ,  stowing ,  m ine  
fires, h istorical 
Location (s) : Germany 
Clark, R .  G . ,  E . T.  Haws, M .  Stephen . M in ing  
Subsidence Beneath PFA Disposal Lagoons at 
Brotherton lngs,  Yorksh i re .  I N :  G round Movements 
and Structures, Proceedings 3 rd I nternationa l  
Conference,  Univers ity of Wales I nstitute of 
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Science and Tech nology, Cardiff, J . D . Geddes, ed . ,  
1 984, Pentech , London,  1 985 ,  p .  28 1 -29 7 .  
Th is paper sets out t h e  background and 
operationa l  problems associated with a major ash 
d isposal complex. G round conditions are somewhat 
u n usua l ,  with perig lac ia l  effects exacerbated by 
past m in i ng  subsidence . Contin ued min ing beneath 
the s ite h as necessitated the adoption of special  
constructiona l  and operationa l  procedu res to enable 
safe and economic ash d isposal to continue  without 
i nterru ption . 
Keyword (s) :  m ine  waste, abandoned mines, 
active m ines,  su rface su bsidence damage, 
eng ineeri ng ,  coal m in ing  
Location (s) : Un ited Kingdom 
Cleary, E . T .  Robbing Mine Su pports May Have 
Caused Shenandoah Subsidence .  Eng ineering  News 
Record, v. 1 24, 1 940, p .  358-380.  
This article describes the area and the damages 
at the scene of a large su bsidence event; it covers 
h ow ut i l ity compan ies met the problem . 
Keyword (s) : coal  m in ing ,  ut i l ities, surface 
structura l damage, p i l lar  extraction 
Location (s ) : Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Clemens,  J .  M .  Monterey No.  1 ,  A Modern Coal 
M ine .  M in i ng  Fol lows the Quadrant Plan . Coal 
M in i ng  and Processing ,  v. 9, n o .  6 ,  1 972,  p. 38-43 . 
The operations at the Monterey coal project, an 
u nderground  workin g  in  southern I l l inois, are 
described . It was decided to extract only 50% of 
the seam leaving  p i l lars of adequate size to provide 
overbu rden su pport .  Conti nuous min ing  mach ines 
and belt transportation are employed . Deta i ls of the 
roof support are g iven . 
Keyword (s) : roof support, mine design ,  m ine  
operation,  p i l l a r  strength , room-and-pi l lar, coal 
m in i ng ,  active mines 
Location (s) : I l l i nois, I l l ino is Coal Basin ,  Un ited 
States 
Coa l .  Lon gwal l  Use Could Col l ide With Tighter 
S u bsidence Contro ls .  Ju ly 1 990, v. 96, n o .  7, p. 9 .  
The coal industry ' s  increased use of longwal l  
systems appears on a col l is ion cou rse with the  
federa l govern ment ' s  move toward tighter controls 
over subsidence . 
Keyword (s ) :  longwa l l ,  active mines, coal 
m in i ng ,  law, govern ment, environment, structu ra l  
m itigation 
Location (s) : Un ited States 
Coa l .  Virg in ia Court Upholds Longwa l l i n g .  v. 95,  n o .  
1 2 , December, 1 990, p .  78-80.  
A coa l  m ine  in  southwestern Virg in ia  cam e  
close t o  being permanently barred from longwal l i ng  
in  a January 1 990 decision by the  Virg in ia  Supreme 
Court .  
Keyword (s ) :  law, longwa l l ,  coa l  m in i ng ,  
govern ment 
Location (s) : Virg in ia ,  Appalach ian Coal Reg ion , 
Un ited States 
Coal Age .  Anth racite Mine-Cave S ituation . v. 1 4, 
no . 1 3, 1 9 1 8 , p .  598-60 1 . 
Early development of coal m in ing  in Scranto n ,  
Pennsylvan ia ,  i s  described , inc lud ing agreements 
between coal compan ies and townspeople regard ing  
compensation for and protection aga inst su rface 
structu ra l damage as a resu lt of subsidence . 
Keyword (s) : surface structu ra l damage, 
anth racite, coal min ing,  h istorica l 
Location (s) : Pennsylvan ia ,  Appalach ian Coal  
Reg ion , Un ited States 
Coal Age . Hydrau l ic Stowage at Home and Abroad .  
v .  25 ,  1 9 24. 
This article is a genera l  d iscussion of hydra u l ic  
stowing methods and appl ication in various 
cou ntries . It  inc ludes a deta i led d iscussion , by 
Charles Enz ian ,  of  Griffith 1 s proposal to  b last the 
roof down and blast the floor u p  to form support in g  
p i l lars .  
Keyword (s ) :  hydrau l ic backfi l l i ng ,  stowing ,  coal  
m in ing  
Coa l  Age . Longwal l  M in i ng .  McGraw-H i l l ,  New 
York, 1 965 . 
Longwal l  m in ing  equ ipment and procedu re is 
described, inc lud ing a series of p ictures . The a rt ic le 
a lso d iscusses the advantages and d isadvantages of 
longwal l  m in ing and its appl ication i n  Un ited States 
coalfields . 
Keyword (s ) :  longwal l ,  m ine design , m ine  
operation ,  coal min ing 
Location (s) : Un ited States 
Coal Min ing  and Processin g .  Can M in ing  O perat ions 
be Planned to Min imize Subsidence? v .  4, no.  9,  
1 967,  p .  38-4 1 , 47 . 
Th is article d iscusses the use of underground  
measu res (m ine  design methods) as a means of 
min imiz ing subsidence . 
Keyword (s) : mine design ,  longwa l l ,  coal m in ing ,  
active mines 
Location (s) :  Un ited Kingdom, Un ited States 
7 2  
Coal M in i ng  and Processin g .  How to  Calcu late 
Factors in M in ing  S u bsidence . v .  4, no .  5, May, 
1 967,  p. 28-33 (fi rst of a th ree-part series) . 
With the extension of m in ing  beneath 
residentia l  and i ndustria l  areas, it is becoming 
increasing ly important to work minerals in  such a 
way that su bsidence damage is kept to a m in imum 
and  that as l ittle m inera l  as possib le i s  steri l i zed in  
p i l l a rs of  support .  Th is  dua l  a im can on ly be 
ach ieved with a knowledge of  g round movement 
and its relation to m ine  workings .  For many years 
l ittle was known about the nature of ground 
movement, and su bsidence calcu lations were 
therefore very approximate . I n  recent years, 
affected areas h ave been carefu l ly measured and 
observed , and the pr inciples of g round movement 
caused by extraction of stratified deposits are now 
more fu l ly understood . 
Keyword (s) : m ine  design ,  backfi l l i ng ,  stowing ,  
m ine  waste, t ime factor, coa l m in ing ,  longwa l l ,  
pred iction 
Location (s) : Un ited Kingdom, Un ited States 
Coa l M in i ng  and  Processing . What Happens When 
the G round  Subsides? v.  4, no .  7,  Ju ly, 1 967,  p .  
2 0-23 . 
Th is  article d iscusses the components i nvolved 
in  the vertical and horizontal movement with i n  a 
subsidence trough . The paper a lso d iscusses stra in , 
wh ich is the extension or  compression of the 
g round  with i n  the subsidence zone per u n it of 
length; a lso, the degree and d i rection to which any 
surface s ite wi l l  t i lt depend ing on the subsidence; 
and fina l ly, the choice that may be made in 
design ing structu res so they wi l l  be able to 
withstand  s u bsidence. 
Keyword (s ) : vertical d isp lacement, horizontal 
d isplacement, coal m in ing ,  surface structural 
damage, longwal l ,  active mines, structu ral 
m itigation 
Location (s) : Un ited Kingdom, Un ited States 
Coal  M in ing  and Processi n g .  I l l i nois to Conduct 
S u bsidence Study. v .  1 9, no .  1 0, 1 982 ,  p .  1 7 . 
Keyword (s) : coal m in ing ,  su bsidence research 
Location (s) : I l l i no is, I l l i nois Coal Basin ,  Un ited 
States 
Coal News . States Can Determ ine Subsidence 
Liab i l ity, Su preme Court Ru les . No . 5039,  Apri l  1 ,  
1 99 1 ,  Nationa l  Coal Association,  Wash ington , D . C . ,  
p .  1 -2 .  
I n  a ru l ing of major s ign ificance, a federal 
appeals cou rt has reversed a lower court decision 
and u pheld a U . S .  Interior Department regu lation 
that leaves to state law the extent of subsidence 
l iab i l ity of underground coa l  m in ing  operations .  
Keyword (s ) :  law, govern ment, coa l m in i ng ,  
structural m itigation , surface structural damage,  
active mines 
Location (s } : Un ited States 
Coates, D. F .  P i l lar  Load ing . Research Report, 
Department of Mines and Techn ical S u rveys, 
Ottawa, Canada, 1 965- 1 966 .  
This paper describes laboratory experiments and  
field measu rements used to  derive new hypotheses 
for determin ing  p i l lar  loads . The report inc ludes a 
series of equations inc lud ing such factors as  span 
of min ing zone, height and breadth of p i l lars ,  
position of  p i l lars in  the m in ing  zone,  variations 
between deformabi l ity of p i l lars and wal l  rocks, and  
the  effects on both norma l  and transverse field 
stresses . 
Keyword (s) : p i l lar  strength , m ine  desig n ,  room­
and-pi l lar, rock mechan ics, lab testing ,  in situ 
test ing 
Location {s) : Canada 
Coates, D. F . ,  A .  lgnatieff . Prediction and 
Measurement of Pi l lar Stresses . Canadian M in i ng  
Jou rna l ,  v .  87 ,  January,  1 966, p .  50-56 .  
The  author presents a new hypothesis for 
predicting the loading  of p i l lars, taking  into account  
the structural featu res of  the syste m .  I nc luded are 
measu rements of p i l lar  stresses i n  underground  iron 
mines i n  Canada and Sweden,  and u ran i um mines i n  
Canada .  
Keyword (s) : pred iction , p i l lar  strength , metal 
m in ing  
Location {s} : Canada,  Sweden 
Coates, D. F. Rock Mechan ics Princ ip les . M ines 
Branch,  Canadian Department of Energy, M ines,  
and Resou rces, Monograph 74, Ch . 4, 1 970, p .  4- 1 
- 4-2 5 .  
The mechan ics o f  p i l lars i s  d iscussed from three 
aspects : the load appl ied to the p i l lar ,  the strength 
of the p i l la r, and the reaction of the roof and floor 
to p i l lar  stresses . 
Keyword (s ) :  rock mechan ics, p i l lar  strength 
Coates, D. F . , M. Gyenge.  I ncrementa l  Des ign i n  
Rock Mechan ics . M in i ng  Research Centre, M ines 
Branch,  Department of Energy, Mines and 
Resources, Canada, M ines Branch Monograph 8 80, 
1 973,  p .  5- 1 - 5- 1 5 . 
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The a uthors formu late mathematical  
subsidence-prediction methods for u nderground 
min ing operations .  These methods can be used to 
calcu late su bsidence over flat- lying  ore bodies, 
steeply d ipp ing veins, and massive ore bodies that 
lead to cover cavi n g .  
Keyword (s) : vertica l  d isp lacement, horizontal 
d isp lacement, rock mechan ics, prediction ,  
model i ng ,  mathematical model,  metal m in ing  
Location (s) : Canada 
Coates, D .  F .  Rock Mechan ics Princip les . Canadian 
Department of Energy, M ines and Resources, M ine  
Branch  Monograph 74,  1 970, rev . 1 974. 
The mechan ics of p i l lars is d iscussed from th ree 
aspects : p i l l a r  load, p i l lar  strength , and the reaction 
of the roof arid f loor to p i l lar  stresses . 
Keyword (s ) : rock mech an ics, p i l lar  strength , 
g round  contro l ,  m ine  design 
Location (s ) : Canada 
Coates, D. R.  Large Scale Land Subsidence . I N :  
Mega-Geomorphology, R .  Gardner and H .  Scoging ,  
eds . ,  Oxford Un iversity Press, Oxford , 1 983,  p .  
2 1 2-233 . 
Keyword (s ) : geologic featu res, surface 
s u bsidence damage 
Cochra n ,  W. Mine S u bsidence--Extent and Cost of 
Control in a Selected Area . U . S .  Bureau of M ines IC  
8 507,  1 97 1 ,  3 2  p .  (NT IS  PB 236 093) 
The US BM investigated su bsidence caused by 
recent u ndergroun d  m in ing ,  est imated the extent of 
damages, and formu lated a procedure for eva luat ing 
subsidence costs . 
Keyword (s) : m itigation, economics, ground 
contro l ,  active mines 
Location (s) :  Pennsylvan ia, Appalachian Coal 
Reg ion,  Un ited States 
Coe, C .  J . ,  S .  M .  Stowe. Eva luat ing the I mpact of 
Longwal l  Coal  M in ing  on the Hydrolog ic Ba lance . 
I N :  Proceedings Sympos ium on Su rface Min ing ,  
Hydrology, Sedimentology, and Reclamation,  
December 2-7,  1 984, University of Kentucky, 
Lexington,  p. 3 95-403 . 
An approach has been developed to eva luate 
changes in the  hydrolog ic  balance associated with 
land subsidence above longwa l l  m in ing  operations 
in  the Appalach ian Coa l  Basin . This method con­
sists of  developing hydrogeologic cross sections to 
define  specific aqu ifers and aqu ita rds which exist 
with in  the overbu rden . The cross sections can be 
u sed to define  the premin ing  hydrolog ic flow 
pattern wih in  the mine overbu rden and the l ithologic 
composition of a wel l ,  spring ,  or pond where no 
previous data were ava i lab le .  Then the water 
sources are mapped in relationsh ip  to the m ine  
development plan . Hydrographs a re developed to 
eva luate changes in water level in a wel l  or the flow 
characteristics of a spring or stream with respect to 
the passing of the longwal l  m ine face . Two s ite 
case h istories are presented . 
Keyword (s) : subsurface water, hydrology, 
longwa l l ,  coal min ing 
Location (s) : Appalach ian Coa l Region , Un ited 
States 
Coe, C. J . ,  S .  M .  Stowe . Eva luat ing the I m pact of 
Longwa l l  Coal M in ing  on the Hydrologic Ba lance .  
IN :  Proceedings, Nationa l  Water Wel l  Association 
Conference on the Impact of M in ing  on G round 
Water, Denver, CO, 1 984, p .  348-3 5 9 .  
Keyword (s) : longwal l ,  coa l m in ing ,  hydrology, 
subsurface water, active mines 
Cohen , S .  Taking the Surprises Out of S u bsidence . 
Landmarc,  Ju ly/ August, 1 989 ,  p .  4- 1 3 . 
This article discusses various coa l compan ies 1 
efforts to cooperate with landowners and repa ir  
surface properties during and after longwal l  m in in g .  
A n  accompanying sidebar covers US BM subsidence 
prediction models and foundation mon itoring  
stud ies . 
Keyword (s) : longwal l ,  structural m itigation ,  
surface structu ra l damage, coa l m in ing ,  land 
mitigation , law, subsurface water, fou ndations,  
mon itor ing equ ipment, prediction 
Location (s) : Oh io, Pen nsylvan ia ,  Appalach ian 
Coa l Region , Un ited States 
Cola izz i ,  G .  J . ,  R .  H .  Wha ite, D. L .  Don ner.  
Pu mped-S lu rry Backfi l l i ng  of Abandoned Coal M ine  
Workings for Subsidence Control a t  Rock S prings,  
Wyoming . U .S . Bureau of Mines I C  8846, 1 98 1 ,  
1 00 p .  
This report describes a pumped-s lu rry backfi l l i ng  
demonstration project for  abandoned mine  work­
ings .  It  a lso conta ins background information on 
other hydrau l ic backfi l l i ng methods . 
Keyword (s) : hydrau l ic backfi l l i ng ,  economics, 
abandoned mines, coal m in ing  
Location (s ) :  Wyoming,  Rocky Mou nta in Coal 
Reg ion , Un ited States 
Cola izz i ,  G .  J . ,  M .  R. Virta, D. L. G roy, M .  R .  
Schmidt. Coa l Mine Subsidence Control Case 
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Studies,  Colorado S prings,  Colorado . I N :  
Proceedi ngs Conference o n  Coal Mine Subsidence 
in the Rocky Mou nta in  Region,  Colorado Spr ings, 
October 28-30, 1 985 ,  J . L. Hynes, ed . ,  Colorado 
G eological  S u rvey Specia l  Publ ication 3 1 ,  
Department of Natural Resources, Denver, 1 98 6, p .  
235-253 . 
S u bsidence of the land surface over abandoned 
u n derground  coal mines is a conti nu ing problem in  
Colorado Springs .  S u bsidence events pose varying  
problems depend ing  on su bsidence type, loca l 
geology, and proximity to bu i ld ings and other 
improvements .  
Keyword (s) : abandoned mines,  grouting ,  
hydrau l ic backfi l l i ng ,  surface structu ra l damage, 
fou ndations, coal m in ing ,  geolog ic features 
Location (s) : Colorado, Rocky Mountain Coal 
Reg ion ,  Un ited States 
Cole, K . ,  I .  Stath a m .  General (Area l )  Subsidence 
Above Part ia l  Extraction Mines - Part 1 .  G round 
Eng ineering ,  v .  2 5 ,  no .  2 ,  March , 1 992 ,  p .  45-55 .  
I so lated examples of trough subsidence a bove 
part ia l  extraction m ines h ave been reported in the 
Un ited Kingdom, crown h ole subsidence being more 
common . Genera l  subsidence resu lts from de­
terioration and u lt imate col lapse of ground at or 
above the workin g  level . Categories of col lapse 
condition for partia l  extraction mines are outl i ned . 
M ine  p i l lar  col lapse mechan isms and the many 
contributing  factors are examined . P i l lar  stress and 
strength calcu lations considering geological and 
geometric parameters are i l l ustrated . 
Keyword (s) : partial extraction ,  p i l lar  strength , 
eng ineering ,  coal m in ing  
Location (s) : Un ited Kingdom 
Cole, K. ,  I .  Statha m .  Genera l  (Area l )  Subsidence 
Above Partia l  Extraction Mines - Part 2 .  G round 
Eng ineering ,  v .  2 5 ,  no .  3 ,  Apri l 1 992 ,  p .  36-40 . 
Fa i lu re processes in coal mines are fu rther 
examined, with resu lts of tests on coal p i l lars 
summarized, comparisons made between strengths 
of coal and overburden p i l lars, and fa i l u re of over­
bu rden p i l lars in coal mines considered . Effects of 
qua l ity of overburden rock, mine flood ing,  uneven 
p i l lar  load ing ,  and mine layout and min ing  
procedu res are d iscussed . F ina l ly, remed ia l  groutin g  
and assessment o f  col lapse potential are described . 
Keyword (s) : part ia l  extraction ,  p i l lar  strength , 
coal m in ing ,  overburden , g routing,  eng ineering  
Location (s) : Un ited Kingdom 
Cole, K. W .  Bu i ld ing Over Abandoned Sha l low 
Mines--A Strategy for the Eng ineering  Decis ions on 
Treatment .  G round En g ineeri ng ,  v .  20,  no .  4, 1 98 7 ,  
p .  1 4-30. 
Keyword (s) : abandoned mines,  surface 
structu ra l  damage, structu ra l  m itigation,  
engineering ,  construction ,  arch itecture, land-use 
plan n ing  
Col l iery Eng ineeri ng .  F lush ing  Anthracite Workings . 
v. 33,  1 9 1 3 , p .  537 .  
Th is  article describes the  first uses of  hydrau l ic  
backfi l l i ng  of  anth racite m ines .  Both remote and 
control led flush ing  were used for  roof support, to 
prevent su bsidence, and a l low p i l lar  remova l .  
Keyword (s) : hydrau l ic  backfi l l i ng ,  m ine  waste, 
anth racite, coal m in ing ,  roof support, p i l lar  
extraction 
Col l iery Eng ineering . Effect of Coal M in ing  on the 
Surface . v .  33,  May 1 9 1 3 , p .  548-552; v .  33, June  
1 9 1 3 , p .  6 1 7-62 2 .  
Keyword (s) : surface subsidence damage, coal 
m in ing  
Col l iery Eng ineeri n g . Hydrau l ic  Stowing  i n  
Pennsylvan ia . v .  28 ,  Ju ly, 1 95 1 ,  p .  329 . 
Two methods of contro l l ing su rface subsidence 
are described : ( 1 }  hydrau l ic  f lush ing  with com­
paratively fine-gra in  materia l ,  and (2 )  manua l  and 
mechan ical stowage of materi a l .  
Keyword (s ) :  hydrau l ic backfi l l i ng ,  stowing 
Location (s) :  Pennsylvan ia ,  Appa lach ian Coal 
Region , Un ited States 
Col l iery Eng ineering . Power Stowing  I n stal lation . v .  
3 1 ,  n o .  366,  August, 1 954, p .  266 .  
Keyword (s) : stowing  · 
Col l iery Eng ineeri ng .  Hydrau l ic Stowing  in Polan d .  
v .  3 1 ,  December, 1 954, p .  529  (abstract on ly) . 
This abstract describes the status of hydrau l ic  
backfi l l i ng in Poland at that  t ime . 
Keyword (s) : hydrau l ic backfi l l i ng ,  stowing  
Location (s) : Po land 
Col l iery Eng ineering . Crush ing Stowing Materi a l .  v .  
33, no .  388,  June,  1 95 6, p .  2 64 .  
Keyword (s) : stowing 
Col l iery Engineering . Pneu matic Stowing in  S pa in . 
v. 34, no .  396, February, 1 957 ,  p .  54 .  
Keyword (s ) : pneu matic backfi l l i ng ,  stowin g  
Location (s) : Spain 
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Col l iery Eng ineeri n g .  Steel Bars and Stowin g .  v .  34, 
no . 3 9 8 ,  Apri l ,  1 95 7 ,  p .  1 76 .  
Keyword (s) : stowing 
Col l iery Eng ineeri n g .  Stowage Dirt Transport .  v .  34, 
n o .  399 ,  May, 1 957 ,  p. 22 1 .  
Keyword (s) : stowin g  
Col l iery Eng ineeri ng . Stowing  i n  I ncl i ned Seams . v .  
34, n o .  403, September, 1 957,  p .  395 .  
Keyword (s) : stowing 
Col l iery Eng ineering . Hydrau l ic Stowing in Polan d .  
v .  3 5 ,  Februa ry, 1 958 ,  p .  9 1  (abstract on ly) . 
Th is abstract describes hydrau l ic backfi l l i ng  
operations in  Poland where seams are up  to 79  feet 
th ick .  
Keyword (s) : hydrau l ic backfi l l i ng ,  stowing 
Location (s ) : Poland 
Col l iery Eng i neeri ng . Preparation of P it  Stone for 
Stowage . v. 38 ,  n o .  450, August, 1 96 1 , p. 332 .  
Keyword (s) : stowing 
Col l iery Eng ineering . S imu ltaneous Coal G etting  and 
Stowin g .  v .  39,  no .  459 ,  May, 1 962,  p .  204. 
Keyword (s) : stowing ,  coal m in ing  
Col l iery Eng ineeri n g .  S uccessfu l Debut of Bien 
Breaker Stower .  v .  4 1 , no. 486, August, 1 964, p .  
3 1 2 . 
Keyword (s } : stowing 
Col l iery G ua rd ian . Hydrau l ic Packing in German 
State M ines .  November 1 ,  1 9 1 2, p.  903 .  
This article i ncludes a comparative c hart 
i l l ustrati ng  the purpose of backfi l l i ng ,  increase in 
p roduction , f i l l  materia l ,  and quantity and particle 
size of fi l l  for the m ine .  
Keyword (s) : hydrau l ic backfi l l i ng 
Location (s) : G ermany 
Col l iery G u ard ia n .  Support of  Ra i lways. v. 1 07,  
1 9 1  4, p .  5 2 3 and 1 400. 
This art ic le discusses the rights of rai lway 
owners and mineral owners and the Eng l ish law of 
1 845 . 
Keyword (s) : h istorica l ,  law, ra i l roads 
Location (s) : Eng land 
Col l iery G ua rd ian . M in ing  Su bsidence in I nd ia .  
August 1 1 , 1 922 ,  p .  330 .  
A S u bsidence Committee noted the  fol lowing  
cond it ions that  may be deemed pecu l ia r  to  I ndia : 
( 1 )  absence of packingl  except in a few recent 
cases, none of which were old enough to enable 
defin ite conclusions to be drawn; (2 )  the con­
siderable thickness of the seams; and (3 } the h i gh  
proportion of  hard sandstones and low proportion of 
sha les or soft rocks in the strata . 
Keyword (s ) : coa l m in ing ,  geolog ic  features, 
stowing ,  p i l lar  extraction 
Location (s) : I ndia 
Col l iery G uardian . Mine Subsidence . v.  1 79 ,  March 
1 0, 1 949, p .  333-335 . 
Col l iery G uard ian . The Hydrau l ic  Transport of Coal  
in  Poland .  v .  1 97 ,  October, 1 958 ,  p .  542 . 
Keyword (s) : backfi l l i ng ,  coa l m in ing  
Location (s } :  Poland 
Col l iery Guard ian . Hydrau l ic Stowin g .  August 8 ,  
1 963, p .  1 85- 1 87 .  
An example i s  g iven of hydrau l ic sand 
backfi l l i ng  under pressure to f i l l  old m ine  voids i n  
G reat Brita in . 
Keyword (s) : abandoned mines, hydrau l ic  
backfi l l i ng  
Location (s} :  Eng land 
Col l iery G uardian . Min ing Under Coventry. v .  207,  
September 1 2 , 1 963 , p .  324-327 . 
This article describes a partia l  extraction system 
to be used in England .  The seam is 20 to 30  feet 
th ick, at a depth of 2, 1 00 feet . 
Keyword (s) :  surface structu ra l damage, part ia l  
extraction 
Location (s) : England 
Col l iery Guardian . Contro l l ing S u bsidence.  v .  2 1 0, 
August 7 ,  1 964, p .  1 76 .  
Keyword (s} : ground contro l ,  coa l  m in i ng  
Col l ins,  B.  J .  Measurement and  Analysis of  Residua l  
M in i ng  Subsidence Movements . IN :  Large G round  
Movements and  Structures, Proceedings 
I nternational  Conference, Un iversity of Wa les 
Institute of Science and Technology, Cardiff, 1 977 ,  
J . D .  Geddes, ed . ,  John Wi ley & Sons ,  New York, 
1 978 ,  p. 3-2 9 .  
Th is paper is based upon a research project into 
the long-term or res idua l  aspects of m in i ng  
subsidence.  The work was carried out i n  
conjunction with the  Nationa l  Coal Board . 
Keyword (s} : instrumentation , mon itorin g  
methods, survey methods, su rvey data process ing ,  
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survey equ ipment, t ime factor, horizonta l  
d isplacement, vertical d isplacement 
Location (s) :  Wa les, Un ited Kin gdom 
Col l i ns, S .  L .  Coal and Coal M in ing . I N :  G u idebook 
for the 45th Annua l  F ie ld Conference of Penn ­
sylvan ia G eolog ists--Land Use and Abuse the 
Al legheny County Problem, Pittsburg h ,  Pen nsyl­
van ia ,  October 3 and 4, 1 980, Department of 
Environmenta l Resou rces, Bureau of Topograph ic 
and G eologic S u rvey, Harrisburg ,  PA, p .  1 9-24.  
Keyword (s) : l and-use p lann i ng ,  environ ment, 
coal m in i ng  
Location (s) : Pen nsylvan ia,  Appalach ian Coal 
Reg ion , Un ited States 
Colorado School of Mines .  Rock Mechan ics 
I n strumentation Program for Ka iser Steel 
Corporation 1 s  Demonstration of Sh ie ld-Type 
Lon gwal l  Supports at York Canyon Mine, Raton,  
New Mexico . U .S .  Department of  Energy Contract 
AC0 1 -74ET 1 2530, 1 98 1 ,  303 p .  (NTIS 
DOE/ET I 1 2530- 1 )  
Chapter 5 describes the surface instru mentation 
u sed to measure vertical and h orizonta l  movement 
and extent of su rface subsidence . Resu lts are then 
compared with resu lts of p redict ions made by the 
N ationa l  Coal Board of Brita in . 
Keyword (s} :  vertical d isplacement, horizontal 
d isp lacement, mon itor ing design ,  monitorin g  
i nsta l lation ,  mon itor ing equ ipment, survey methods, 
survey equ ipment, survey data processing ,  rock 
mechan ics, longwa l l ,  Nationa l  Coal Board, coal 
m in i ng ,  instru mentation ,  p red iction 
Location {s) : New Mexico, Rocky Mounta in  Coal 
Region1  Un ited States 
Concrete and Construction Eng ineering ( London } 
Large Reservoi r  Designed for M ine  S u bsidence. v .  
4 6 ,  n o .  1 2 , 1 95 1 ,  p .  353-3 5 8 .  
Keyword(s} :  construct ion,  surface water, 
eng ineering  
Concrete and Construction Eng ineering  { London )  
Fou ndations to  Resist Subsidences . v .  5 1 ,  no .  9,  
1 95 6, p .  49 1 -493 . 
Keyword {s} : construction , foundations 
Concrete and Construction Eng ineering ( London)  A 
Tower Liable to Subsidence.  v. 5 1 ,  no .  1 0, 1 956,  
p .  500-50 1 .  
Keyword (s) : construction, surface structural 
damage 
Connel ly, M .  A .  The Uses of G eologic Structu ra l  
Ana lyses in Predicting  Roof Conditions in Coal 
Min ing . I N :  Proceedings of Sympos ium on Stress 
and Fa i l u re Around Underground O pen ings,  
University of Sydney, New South Wales,  Austra l i a ,  
1 967,  paper 1 3, p .  1 -2 .  
Keyword (s} : pred iction,  roof stabi l ity, coa l 
m in ing ,  geologic featu res 
Conover, D. P . ,  K. Y. Haramy, K. Han n a .  Methods 
to Determine Pi l lar Stress Distribution and its Effect 
on Stabi l ity . I N :  Rock Mech an ics as a G u ide for 
Efficient Uti l ization of Natural Resou rces, 
Proceedings 30th U . S .  Symposium,  1 98 9 ,  A .W.  
Kha i r, ed . ,  Ba lkema, Rotterdam,  p .  4 1 9-424. 
The effects of stress d istribution on p i l lar  
stab i l ity were eva luated through  rock mechan ics 
studies conducted in  th ree underground room-and­
pi l lar  coal mines . Resu lts of the th ree field 
instrumentation programs are presented to i l l ustrate 
the use of borehole pressure cel ls to determine  
vertical stress d istribution in coa l p i l lars at  various 
stages of  mine development. Vertica l  stresses and 
stress changes are determined us ing methods 
developed at the US B M .  Measured stress 
distributions are compared aga inst theoretical  
distributions and poss ible exp lanations for observed 
behavior are d iscussed . Resu lts i nd icate that 
stresses and stress changes calcu lated from 
pressure cel l data are inconsistent with theoretica l  
va lues; however, the data are usefu l for qua l itative 
eva luation of trends over time .  Calcu lated va lues 
are found to be sensitive to coal properties and 
in itia l  setting  pressu res of  the  cel ls . 
Keyword (s) : p i l lar  strength , rock mechan ics, 
room-and-pi l lar, coal m in ing ,  i nstru mentation 
Location (s) : Un ited States 
Con roy, P. Rock Mechan ics Stud ies, Un ited States 
Bu reau of Mines, Longwal l  Demonstration , Old Ben 
Mine No. 24, Benton , I l l i nois,  Phase I l l .  Prel im inary 
report Panel 2, June, 1 970, 1 8  p .  
Keyword (s} :  coal m in ing ,  rock mechan ics, 
longwal l ,  mon itoring methods 
Location (s} : I l l inois,  I l l inois Coal Basin , Un ited 
States 
Conroy, P .  Rock Mechan ics Stud ies, Un ited States 
Bureau of Mines,  Longwal l  Demonstration ,  O ld Ben 
Mine No. 24, Benton,  I l l inois, Phase I l l .  Prel im inary 
report panel 1 ,  Job No.  7734-002-07, August, 
1 977,  39 p .  
Keyword (s} : coa l m in i ng ,  rock mechan ics, 
longwal l ,  mon itoring methods 
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Location (s} : I l l inois,  I l l inois Coa l Basin ,  Un ited 
States 
Conroy, P. Rock Mechan ics Studies, Lon gwa l l  
Demonstration at Old Ben 24,  Benton ,  I L  Phase I 
and  I I  Report, submitted to U . S .  Bureau of Mines, 
1 979 ,  57 p .  
Keyword (s} : coa l m in i ng ,  rock mech an ics, 
longwal l ,  mon itor ing methods 
Location (s} :. I l l i nois, I l l inois Coal Bas in ,  Un ited 
States 
Con roy, P. J. S u bsidence Above A Longwal l  Panel  
i n  the I l l i no is No .  6 Coa l .  Preprint 3293, ASCE 
Convention and Exh ibit, Pittsburgh ,  PA, Apri l ,  
1 978 ,  p .  77-9 2 .  
T h e  m in i ng  d iscussed i n  th is paper was the fi rst 
successfu l appl ication of longwal l  in I l l i no is .  This 
pane l  was part of a cooperative agreement between 
O ld Ben Coal Company and the US BM . As part of 
the agreement, subsidence mon itor ing ( inc lud ing 
TDR)  was performed on the surface . l nstru men- · 
tation a lso mon itored the progressive caving of the 
overly ing strata . 
Keyword (s) : coa l m in ing ,  longwal l ,  surface 
su bsidence damage, monitori n g  methods 
Location (s) : I l l i nois, Un ited States, I l l i nois Coal 
Basin 
Conroy, P .  J.  Lon gwal l  Coal M in i ng .  Dames and 
Moore Eng ineering  Bu l letin ,  no .  52 ,  August, 1 980, 
p. 1 3-26 .  
Th is  article outl i nes experience ga ined during a 
feasib i l ity and  demonstration stu dy of longwa l l  coa l 
m in i ng  i n  the I l l i nois Basin .  Geotechnica l  
i nvestigations inc luded a premin ing  study to review 
the previous attempts at longwal l  min ing and to 
perform in s itu rock mechan ics tests . Resu lts were 
used as a basis to formu late recommen dations for 
the longwal l  supports to be used in the 
demonstration . TDR (Time Domain Reflectometry) 
was used in the mon itoring p rogram . 
Keyword (s} : longwal l ,  engineeri ng ,  rock 
mechan ics ,  geotech nica l ,  instrumentation , coa l 
m in i ng  
Location (s) : I l l i nois, I l l ino is Coal Bas in ,  Eu rope, 
Un ited States 
Con roy, P. J . , J .  H. Gyarmaty, M. L. Pearson . 
Demonstration of S u bsidence Mon itor ing System . 
U . S .  Department of Energy contract 
AC0 1 - 7 8 ET 1 0029 ,  Dames and Moore, Park Ridge, 
I L, June ,  1 98 1 , 435 p .  (NTIS DO E/ET/ 1 0029-T 1 )  
Th
.
is study was conducted to provide additiona l  
data on coa l  mine su bsidence to serve as a basis 
for the development of su bsidence contro l 
technology. The study involved i nsta l l i ng ,  
mon itoring ,  and eva luating th ree subsidence 
mon itoring instrument systems:  ( 1 )  structure 
performance,  (2 )  performance of supported 
systems, and (3) performance of caving  system s .  
Objectives of t h e  instrument program were : ( 1 )  to 
select, test, assemble, insta l l ,  mon itor, and  ma intain 
a l l  instru mentation requ i red for imp lementing  the 
mon itoring  systems; and (2)  to eva l uate the 
performance of each instru ment i nd ividu al ly and as  
part of  the  appropriate monitorin g  system or  
systems . Twelve instruments were selected and  
implemented . The  data acqu i red with each 
instru ment were discussed and evaluated for 
appl icabi l ity in  terms of qua l ity and effectiveness i n  
characteriz ing subsidence . Recommendations 
inc lude the use of an  automatic level and rod 
extensometer for measur ing structure performance, 
and the automatic level , steel tape extensometer, 
FBPX, FPB I , US BM borehole deformation gauge,  
and vibrating wire stressmeters for  meas u ring  the 
performance of caving  systems.  I n stru ments 
recommended for measurin g  the performance of 
supported systems were identical to that of the 
caving  system . Alternatives are a lso discussed . 
Keyword (s) :  mon itori ng  design ,  mon itorin g  
insta l lation ,  mon itor ing equ ipment, su rvey methods, 
su rvey equ ipment, survey data processing ,  
instrumentation 
Location (s) : Un ited States 
Con roy, P. J . ,  E. A. Curth . Longwal l  M in i ng  i n  
I l l ino is .  IN :  Longwa l l-Shortwal l  M in i ng ,  State of the 
Art, 1 98 1 ,  R .V .  Raman i ,  ed . ,  AI M E, New York, p .  
1 9 1 - 1 99 .  
This chapter d iscusses the h istory and develop­
ment of longwal l  m in ing  i n  I l l i nois, i nc lud ing  equ ip­
ment, roof supports, and present practice . 
Keyword (s) :  longwal l ,  m ine des ign,  roof 
support, coal min ing 
Location (s) : I l l i nois, I l l i nois Coal  Bas in ,  Un ited 
States 
Con roy, P. J . ,  J. H .  Gyarmaty . Plann i ng  S u bsidence 
Mon itoring Programs Over Longwa l l  Panels . I N :  
State-of-the-Art of G round Control i n  Longwa l l  
M in ing  and Min ing  Su bsidence, September, 1 982 ,  
Y. P .  Chugh  and  M .  Karmis, eds . ,  S M E-AI M E, p .  
225-234. 
Th is paper presents gu ide l ines and 
recommendations for the design and 
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implementation of a comprehensive subsidenc.e 
mon itor ing progra m .  
Keyword (s ) :  mon itoring  design ,  monitori ng  
equ ipment mon itorin g  methods, survey methods, 
su rvey equ ipment, horizonta l d isplacement, 
longwal l ,  economics, g round  contro l ,  Nationa l  Coal 
Board, coa l m in i ng  
Location (s } : I l l i nois Coal Basi n ,  Appalach ian 
Coal  Region ,  Un ite_d States 
Conroy, P .  J . ,  J .  H. Gyarmaty. Subsidence 
Mon itor ing--Case History . I N :  Proceedings 
Workshop on S u rface Subsidence Due to 
Underground M in ing ,  Morgantown , WV, November 
30-December 2 ,  1 98 1 ,  S . S .  Peng and M. Harth i lt 
eds . ,  Department of M in ing  Eng ineering ,  West 
Virg in ia  Un iversity, 1 982 ,  p .  1 48- 1 5 3 .  
T h i s  paper summarizes subsidence research 
performed at a m ine  s ite in  West Virg i n ia ,  with a 
genera l ized geological  description of the s ite to 
a l low comparison of data with those of s imi lar  
sites . 
Keyword (s) : mon itori ng  des ign,  mon itoring 
i nsta l lation ,  mon itor ing equ ipment, survey methods, 
su rvey equ ipment, instru mentation 
Location {s) : West Virg i n ia ,  Appalach ian Coal 
Region ,  Un ited States 
Con roy, P. J .  S u bsidence Mon itoring  to Verify 
Analytical  Models . I N :  Proceedings Conference on 
G round Control in Room-and-P i l lar  Min ing,  Southern 
I l l i nois University at Carbondale,  August 6-8, 1 980, 
Y. P .  C h u g h ,  ed . ,  S M E-AI M E, New York, 1 982 ,  p .  
1 27- 1 32 .  
Most subsidence mon itori ng  to date has been 
s u rface mon itoring to develop empir ical rel ation­
sh ips of the magn itude and extent of subsidence 
effects . Federa l regu lations are forc ing a better 
u nderstand ing of subsidence.  Empirical methods of 
su bsidence pred iction may not be adequate because 
these relationsh ips may not be val id between or 
even with i n  coal f ields . A better understand ing of 
the mechan ics of subsidence is requ i red to develop 
and verify ana lytica l  models .  
Keyword {s} :  model i ng ,  coal m in ing ,  prediction ,  
law,  longwal l ,  mon itoring methods, monitoring  
design ,  geolog ic  featu res 
Location (s) :  Un ited States 
Con roy, P. J . ,  J .  H .  Gyarmaty . Characterization 
of S u bsidence Over Longwal l  M in ing  Panels-­
Eastern Coal Province .  U . S .  Bureau of M ines O F R  
1 92-83,  Contract J0 1 33920, Dames & Moore, 
1 983 ,  1 65 p .  
Keyword (s) :  longwal l ,  coa l m in ing ,  mon itor ing 
methods 
Location {s) : Appalach ian  Coal Region , Un ited 
States 
Con roy, P. J . ,  J. Gyarmaty. The M id-Continent 
Field : Resu lts of a Su bsidence Mon itorin g  Progra m .  
I N :  Su rface Min ing  Environ mental Mon itor ing and 
Reclamation Handbook, L .V .A.  Send le in ,  et  a l. ,  
eds . ,  Coal Extraction and Uti l ization Research 
Center, Southern I l l ino is Un iversity at Carbonda le,  
U .S  Department of Energy Contract no .  DE AC22 
80ET 1 4 1 46 .  Elsevier, New York, 1 983,  p .  
68 1 -708 . 
A su bsidence mon itoring  program was 
conducted over two longwal l  panels at the Old Ben 
Mine No. 24 located near Benton , I l l inois, as part of 
the US BM Longwal l  Demonstration project. The 
resu lts of this study may be usefu l to futu re 
longwal l  m in ing  su bsidence mon itor ing p lans for 
mines located i n  the I l l i nois Basin h av ing s imi lar  
geologic and topographic properties . 
Keyword (s) : longwal l ,  active m ines,  mon itorin g  
methods, geologic featu res , vertica l  d isplacement 
Location (s) : I l l inois,  I l l i nois Coal Bas in ,  Un ited 
States 
Cook, N .  The Design of Underground Excavation . 
I N :  Fa i lure and Breakage of Rock, Proceedings 8th 
Sympos ium on Rock Mechan ics, Un iversity of 
Minnesota , September 1 5- 1 7 , 1 966,  C. Fa i rh u rst, 
ed . ,  AI M E, New York, 1 967,  p. 1 67- 1 93 .  
This paper deals with stresses conta ined with in  
rock masses both before and after excavation ,  and 
with energy released as a resu lt of  underground  
excavation . The  d iscussion inc ludes the design of 
excavations to min imize energy changes and  to 
control rock fa i l u re underground with the main  
emphasis on the calcu lation of  stresses and not 
with actua l  physical layouts of m in ing  operations .  
Keyword {s} : rock mechan ics, mine design 
Location (s ) :  South Africa 
Cook, N .  G. W . ,  K .  Hodgson ,  J. P .  M. Hojem .  A 
1 00-M N  Jacking System for Test ing Coal P i l lars 
Underground .  Journa l  South African I nstitute of 
Min ing  and Meta l l u rgy, v .  68,  1 967,  p .  1 92- 1 95 .  
Keyword (s) : p i l lar  strength , g round contro l ,  in 
s itu testing ,  coal  m in ing  
Location (s) : South Africa 
Cooley, W. C. Survey of Foreign Technology for 
Stowing in  Underground Coal Mines .  F ina l  report on 
U . S .  Bureau of Mines Contract J027504 1  with 
79 
Terraspace, I n c . ,  Rockvi l le,  MD,  Report #TR-420- 1 ,  
May 30, 1 978 ,  60 p .  
T h i s  report i s  a h istorica l  summary and 
b ib l iography of foreign technology concern ing 
backfi l l i ng  as a means of  l im iti ng subsidence . 
Keyword (s) : stowing ,  l iterature search,  coa l 
m in i ng  
Location {s ) : Soviet Un ion ,  Poland,  G ermany, 
Un ited States 
Cooper, R. E. Discussion on Subsidence Due to 
Coal Workings .  I N :  I n stitution of Civil Engineers, 
M in utes of Proceedings,  v. 1 35 ,  1 898 ,  p. 1 32- 1 35 .  
Keyword (s) : coal m in ing ,  h istorica l 
Cope, E .  The Progress of Mechan ized Packing in 
North Staffordsh i re .  Transactions, I nstitute of 
M in i ng  Eng ineers ,  v .  1 1 5 ,  1 955 ,  p .  65 1 ;  a lso 
Col l iery G uard ian ,  v .  1 9 1 ,  no. 4934, September, 
1 955 ,  p. 35 1 .  
Keyword (s ) : stowing ,  coa l m in ing  
Location (s ) : Un ited Kingdom 
Corapciogl u ,  M. Y. , W .  Brutasaert .  Viscoelastic 
Aqu ifer Model Appl ied to Subsidence Due to 
P u m ping . Water Resource Research , v. 1 3 , 1 97 7 ,  
p .  5 9 7-604. 
Keyword {s ) : flu id extraction,  model ing ,  
viscoelastic mode l ,  phenomenological model,  
subsurface water, hydrology 
Corbett, B .  0. Abandoned M ine Workings Beneath 
Monklands District General Hospita l ,  Airdrie .  I N :  
M ineworkings 84:  Proceedings of the I nternationa l  
Conference on Construction in Areas of  Abandoned 
M ineworkin gs,  Edi n bu rgh ,  1 984, M . C.  Forde, et a l . ,  
eds . ,  Eng ineering  Techn ics Press, Ed in burgh ,  p .  
5 2-63 . 
Keyword (s) : abandoned mines, surface 
structu ra l damage 
Corbett, R .  G.  Effects of Coal Min ing on G round 
and S u rface Water Qual ity, Monongal ia  County, 
West Virg i n i a .  The Science of the Total 
Environment, v .  8 ,  no. 1 ,  J u ly, 1 977,  p. 2 1 -3 8 .  
Keyword {s) : surface water, subsurface water, 
hydrology, coal m in ing  
Location (s) : West Virg in ia,  Appalach ian Coa l 
Region , Un ited States 
Carden , C. H .  H .  The Record ing  of Bou ndary 
Distortion i n  M in ing  S u bsidence . Ph . D .  Thesis, 
Un ivers ity of Leeds, UK, 1 964, 1 46 p. 
Location (s) : Un ited Kingdom 
Corden ,  C .  H .  H . , H .  J .  Kin g .  A Fie ld Study of the 
Development of Su rface Subsidence .  Internationa l  
Journa l  of  Rock Mechan ics and Min ing Sciences & 
Geomechan ics Abstracts, v. 2, no .  1 ,  1 965,  p .  
43-55 . 
The field measu rement of su rface subsidence 
presents many d ifficu lties . The use of the u sua l  
survey techn iques yields a static, or i nstantaneous 
picture of the d isp lacements a long the ax is  of 
measurement. These are not, however, necessari ly 
capable of ana lysis, especia l ly if the l ine  is either 
mu lti-d i rectional  or, being  un i-directiona l ,  is  ob l ique 
to the developing contours of subsidence . The 
experience gained in a f ie ld scheme for the absolute 
measurement of ti lt and stra in  was usefu l in the 
design and use of the apparatus described i n  th is  
article . 
Keyword (s) : rock mech an ics, su rvey methods, 
su rvey equ ipment, mon itori ng  equ ipment, vertical 
d isplacement, survey design ,  mon itor ing design 
Cord ing,  E .  J . ,  T. D. 0 1 Rourke, M. Boscard in . 
G round Movements and Damage to Structures . I N :  
Eva luation and Prediction of Su bsidence, 
Proceed ings I nternationa l  Conference,  Pensacola 
Beach , FL, January 1 5-20, 1 978 ,  S . K. Saxena,  ed . ,  
ASCE,  New York, 1 979 ,  p .  5 1 6-537 .  
The resu lts of  stud ies on  bu i ld ings adjacent to 
tu n nels and excavations are summarized . 
Measu rements of lateral stra in ,  ti lt and differentia l  
settlement were made i n  a brick bearing  wal l  
structure dur ing excavation of a tunnel adjacent to 
the structu re . For other structu res, the avai lable 
movement data consisted of settlements. In these 
cases, maximum settlements and slopes were 
related to observed bu i ld ing damage . 
Keyword (s) : surface structu ra l damage, 
tun ne l l ing,  foundations, longwal l ,  arch itecture, 
horizontal d isplacement, vertica l d isplacement 
Cordova , R .  M . ,  R .  W. Mower. Fractu ring  and 
S u bsidence of  the  Land Su rface Caused by the  
Withdrawal of  Ground Water in  the  M i lford Area , 
Utah . U .S . Department of the I nterior, Geological  
Su rvey Journal  of Research , v .  4, 1 976,  p .  
505-5 1 0. 
Keyword (s) : fl u id extraction 
Location (s) : Utah ,  Un ited States 
Corson , D. R .  Field Eva luation of Hydrau l ic Backfi l l  
Compaction at  the  Lucky Friday Mine, Mu l l an ,  
Idaho .  U . S .  Bu reau of  Mines R I  7546, August, 
1 97 1 . 
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Resu lts are g iven for a 4-year mon itoring 
program of two test sites where normal fi l l i ng  
procedu res were used and compared to  vibratory 
compaction . 
Keyword (s ) :  hydrau l ic backfi l l i ng  
Location (s ) :  Idaho,  Un ited States 
Cortis, S .  E. Coal M in ing  and Protection of Su rface 
Structu res Are Compatib le .  M in ing  Congress 
Jou rna l ,  v. 55 ,  June  1 969,  p. 84-89 .  
Th is  paper d iscusses Pen nsylvan ia ' s  Bitu minous 
Mine S u bsidence and Land Conservation Act of 
1 96 6 .  It summarizes the formu las, regu lations and 
standards developed to control m ine subsidence 
and  determine su rface a reas of potential damage 
above active mines for prevention of damage to 
su rface structu res . 
Keyword (s) :  su rface structu ral damage, law, 
government, bitu minous,  active mines, coa l m in ing  
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Corwine ,  J .  W. A Longwal l  Demonstration at Old 
Ben Mine No . 24, I l l i no is .  I N :  Proceed ings I l l i nois 
M in ing  I nstitute, v. 84, 1 976,  p. 72-79 . 
This paper is a status report on the longwal l  
demonstration,  equ ipment used, and the in itia l  
resu lts . 
Keyword (s) : longwa l l ,  coa l m in ing  
Location (s) : I l l i nois, I l l ino is Coal Basin , Un ited 
States 
Cotecch ia ,  V. S u bsidence Phenomena Due to 
Earthq uakes : Ita l ian Cases . I N :  Land Subsidence, 
Proceedings 3rd I nternationa l  Symposium,  Ven ice, 
Italy, March 1 9-25,  1 984, A . I .  Johnson , L.  
Carbogn i n ,  and L.  Ubertin i ,  eds . ,  I nternational  
Association of Hydrolog ical  Sciences Publ ication 
No .  1 5 1 ,  1 986,  p. 829-840. 
S u bsidence phenomena may have a more or 
less s low development or,  when triggered by 
earthquakes, a very rapid evolution . The latter is  the 
case of the modifications in the elevation of entire 
reg ions fol lowing  very violent seismic events . 
Among the natural  causes of the modifications, a 
basic role is undertaken by the seismo-tectonic 
component, whose primary effects are tecton ic 
d is locations of the bedrock. I n  more superfic ia l  
soi ls,  another not less important conseq uence is 
g iven by minor dis locations caused by various 
sudden effects of the seismic action . 
Keyword (s) : geologic featu res, su rface 
subsidence damage, seismic, soi ls 
Location (s) : Italy 
Cou lomb, C .  Appl ication des Regles de Maximis et 
Min imus a quelques Problemes de Statique Relatifs 
a ! 'Arch itecture .  Memiors de Savants etrangers de 
l 'Academie des Sciences de Paris, 1 773 .  
Keyword (s) : prediction theories 
Cou lthard,  M. A . ,  A. J .  Dutton . N u merical 
Model l ing of Subsidence I nduced by Underground 
Coal M in in g .  IN :  Key Questions in  Rock Mechan ics, 
Proceedings of the 29th U . S .  Sympos ium,  
Minneapol is,  M N ,  June  1 3- 1 5 ,  P .A .  Cunda l l ,  R . L. 
Sterl ing ,  and A . M .  Starfield , eds . ,  1 988 ,  Ba lkema,  
Rotterdam, p .  529-536 .  
The su bsidence induced b y  s ing le panel  coa l 
extractions h as been calGu lated with conti n u u m  and  
d isti nct element stress ana lysis .  Non l inear  mater ia l  
models in programs F LAC and UDEC,  which a l low a 
more rea l istic representation of the behaviour  of the 
roof strata, reproduce the observed qua l itative 
change in subsidence profi les that occu rs in the  
trans it ion from su b-critical to  su per-crit ical panel  
widths .  The programs therefore have the potentia l  
to  provide rel iable subsidence prediction in  new 
geological  and min ing  environments . 
Keyword (s} : model i ng ,  coal m in i ng ,  pred iction ,  
empirical model 
Location (s) : Austra l ia 
Courtney, W .  J . ,  M. M. S ingh . Feasib i l ity of 
Pneu matic Stowing for Ground Control in Coal  
Mines .  I l l inois I nstitute of Techno logy Research , 
Report No .  D 6068, 1 972,  1 28 p .  (Avai lable from 
US BM Library, Min ing  Research Center, S pokane, 
WA. )  
Keyword {s) : pneu matic backfi l l i ng ,  stowing ,  
ground contro l ,  coa l m in ing  
Location {s) : I l l i nois, I l l i nois Coa l Basin ,  Un ited 
States 
Cox, D. W. Model l i ng  Stochastic Beh aviou r  Using  
the  Friction Table with Exam ples of  Cracked 
Brickwork and Subsidence . I N :  G round Movements 
and Structu res, Proceedings 2nd I nternationa l  
Conference,  University of Wa les l �stitute of 
Science and Technology, Card iff, 1 980, J . D .  
Geddes, ed . ,  John Wi ley & Sons, New York, 1 98 1 ,  
p . 307-3 2 8 .  
The friction table has been widely app l ied to 
demonstrate the behaviour  of rock s lopes . The 
same methods can be appl ied to other fissu red or 
d iscontin uous media such as brickwork or rock i n  a 
su bsidence zone .  The paper demonstrates the 
effect of d ifferent ground deflections on crack 
patterns in  brickwork. The secondary effect of 
8 1  
window and door open ings on the pattern are a lso 
shown . A stereograph ic  method of crack 
measu rement is deta i led . 
Keyword (s) : stoch astic model, mode l ing,  
su rface structu ral damage 
Craft, J . ,  T .  Cranda l l ,  J. Holbrook, G. Kel ley, W .  
Remy. Madisonvi l le  Areawide S u bsidence 
I nvestigation . F ina l  Report, Office of Su rface 
Min ing ,  Pittsburgh ,  September, 1 986,  1 75 p. ( NTIS 
PB9 1 - 1 64806) 
This report d iscusses an  areawide subsidence 
investigation , conducted by Office of Su rface 
M in i ng  in Madisonvi l le, KY, to determine 
mechan isms of  abandoned u n derground mine 
subsidence and to access potentia l  for  future 
subsidence . I nformation and data from geotechn ical 
investigations,  su bsidence damage surveys, 
borehole camera i nspection of cond it ions in  
abandoned m ines,  and previous subsidence 
investigations are ana lyzed . Geologic data and 
damage su rvey reports, p i l l a r  strength calculat ions, 
abandoned mine gas information,  and a general 
d iscussion of ava i lab le abatement techn iques a re 
appended to th is report . 
Keyword (s) : abandoned mines, coa l m in ing ,  
geotechn ica l ,  mof! itori ng  methods, p i l l a r  strength , 
geologic featu res 
Location (s) : Kentucky, Un ited States 
Craft, J .  L . ,  T. M .  Cranda l l .  M ine Configu ration and 
i ts  Relationsh ip  to Su rface S u bsidence . I N :  
Association  of Eng ineeri ng  G eolog ists Symposiu m  
Series N o .  4, Bu i ld ing  Over Underground M ines-­
Subsidence Considerations,  October 1 987, p .  
3 7-50.  
Knowledge of the mine configu ration is 
essential to a subsidence investigation and the 
interpretation of the su bsidence mechan ism(s ) . The 
investigator should obta in a l l  ava i lab le mine maps in 
the subs id ing area and establ ish survey control 
points to accu rately tie the m ine  map to the sur­
face.  Once establ ished and confirmed by dr i l l i ng,  
m ine  geometry and the exploratory dri l l i ng  data can 
be eva luated to determ ine the fa i l u re mechan ism 
which resu lted in the surface distu rbance.  On ly 
after the fa i l u re mechan ism has been determined, 
can an effective stabi l i zation program be 
implemented . 
Keyword (s) : abandoned mines,  active m ines, 
coal m in i ng ,  pred iction , geologic featu res 
Location (s) : West Virg i n ia ,  Alabama, 
Pen nsylvan ia ,  Appa lach ian Coal Reg ion ,  Un ited 
States 
Craft, J .  L. Classification of Coal Mine Related 
Subsidence East of the M ississ ippi  R iver, U . S .A .  I N :  
Mine Subsidence - Pred iction and Contro l ,  Nationa l  
Symposium,  33rd Annua l  Meetin g  Association of 
Engineering Geolog ists, October 2-3, 1 990, C . D .  
E l ifrits, ed . ,  Pittsburgh ,  PA, p .  69 . 
Field investigation of surface su bsidence 
associated with active and abandoned underground  
coal m ine  sites in  the  Eastern Un ited States h as 
establ ished evidence for the classification of m ine  
related su rface subsidence . The class ification is  
based on the interrelationsh ip  between overbu rden 
thickness, geology, topography, and mine  p lan . The 
subsidence types are:  Pit, Room, Sag,  and 
Canti lever Beam Su bsidence.  
Keyword (s) :  overburden , coa l min ing,  su rface 
su bsidence damage, surface structural damage,  
roof stabi l ity, p i l lar  strength 
Location (s) :  Un ited States 
Crane,  W. R. The Use of Concrete for M ine  
Support .  Transactions, I nstitution of  M in ing  
Engineers, v .  37 ,  1 909, p .  560.  
Th is article stresses versati l ity, strength , and 
lack  of maintenance of  concrete versus t imber for 
support .  
Keyword (s) : roof support 
Crane,  W .  R .  Subsidence and its Relation to 
Dra inage in the Red I ron Mines of the B i rm ingham 
District, Alabama . Transactions,  AI M E, v .  75 ,  
1 927 ,  New York, p .  837-8 7 2 .  
Cave- ins near the outcrop a n d  fractu rin g  o f  the 
su rface were the most pronounced man ifestations 
of distu rbance by the red-ore m ines of the 
Birmingham District . Because the orebed was 
overla in  by water-bear ing formations, fractu ri ng  of 
the top rock was important enough to warrant 
adoption of protective measu res . 
Keyword (s) :  meta l m in ing ,  su bsu rface water 
Alabama, Un ited States 
Crane,  W. R. Subsidence and G round Movement i n  
the  Copper and I ron Mines of  the  Upper Pen insu la ,  
Mich igan . U .S .  Bureau of  M ines B 295 ,  1 92 9 ,  66  p .  
Keyword (s) : su rface su bsidence damage,  meta l 
m in ing  
Location (s) : M ich igan ,  Un ited States 
Crane,  W. R. Essentia l  Factors I nfl uenc ing 
Subsidence and Ground Movement.  U . S .  Bureau of 
Mines IC 650 1 , 1 93 1 ,  1 4  p .  
The author assesses joints a n d  fau ltin g  in  a 
min ing area to predict possib le subsidence . 
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Keyword (s) : ang le  o f  d raw, prediction,  geologic 
features 
Location (s) : Un ited States 
Creve l ing ,  J .  B. Factors Affect ing the Strength of 
Su bcoal  Materia ls  and the Prediction of Strength 
from I ndex Properties . M .S .  Thesis, Un ivers ity of 
M issouri -Rol la ,  1 97 6 .  
Keyword (s) : f loor stab i l ity, l a b  testing ,  coal 
m in i ng  
Crook, J .  M . ,  D .  P .  McNicho l l . The  Mon itori ng  of · 
G round Movements Due to Deep Coal M in ing  and 
Their  I mp l ications for  Large-Scale Development 
Proposals at Warrington New Town (UK) .  I N :  Large 
G round  Movements and Structures, Proceedings 
I nternationa l  Conference,  Un iversity of Wales 
I nstitute of Science and Technology, Card iff, 1 977,  
J . D . G eddes, ed . ,  John Wi ley & Sons ,  New York, 
1 978 ,  p. 527-544. 
Warrington New Town was designated i n  1 968,  
and it is p lan ned to increase the popu lation to 
1 90,000 by 1 99 1 . Approximately 30% of the New 
Town area wou ld  be subject to u nderground min ing  
and  associated g round movements wou ld represent 
a constra int both in  terms of the t iming of develop­
ment in  areas undergoing active subsidence and the 
type and form of developments in  areas to be 
u n dermined in  the futu re . To be able to commit 
development in the m in ing  areas with confidence, a 
systematic approach to the problem was adopted . 
Keyword (s) : coa l m in ing ,  instrumentation , 
mon itoring  design ,  mon itoring  methods, land-use 
p la n n ing ,  su rface structural damage, abandoned 
m ines,  active m ines 
Location (s) : Un ited Kingdom 
Crossfie ld,  J. K .  G rou nd Settlement Mon itoring by 
Dig ital Photogrammetry . I N :  Proceedings,  45th 
An nua l  Meeting  of American Society of 
Photogrammetry, Washington,  D . C . ,  March 1 8-24, 
1 979 ,  p .  600-606 . 
Keyword (s) : mon itoring equ ipment, mon itori ng 
methods 
Location (s ) : Un ited States 
Crouch ,  S .  L . ,  C .  Fa irh u rst . The Mechan ics of Coal 
Mine Bumps and the I nteraction Between Coal 
P i l lars ,  Mine Roof, and Floor.  U . S .  Bu reau of Mines 
O F R-53-73 , February 22,  1 973,  97  p .  ( NTIS PC 
A05/M F  A0 1 )  
This report describes research done on the 
mechan ics of coal mine bump� over a 26-month 
period . 
Keyword (s) : room-and-p i l lar, bumps,  p i l l a r  
strength , floor stabi l ity, roof stab i l ity, coa l  m in i ng  
Location (s) : Un ited States 
Crouch , S .  L .  Two-Dimensiona l  Analysis of Near­
Surface S ing le-Seam Extraction . I nternationa l  
Journa l  of  Rock Mechan ics and Min ing Sciences 
and Geomechan ics Abstracts, v. 1 0, n o .  2, March , 
1 973,  p .  85-96 .  
This paper describes a d ig ital computer method 
for ca lcu lating  the stresses and d isp lacements 
induced by underground excavations i n  a s ing le flat­
lyi ng seam that is arbitrari ly near  the surface of the 
earth . The method is developed by superpos ition 
from solut ions previously g iven for a d isplacement 
discontin u ity, or  d islocation ,  in  an otherwise 
conti nuous,  l inearly elastic ,  inf in ite rock mass . The 
new solution can be app l ied to compl icated 
extraction patterns in the p lane of a seam in a semi­
i nfi n ite mass, the su rface of which can be 
subjected to arbitrary prescribed extractions . 
Keyword (s) : phenomenologica l  model,  e lastic 
model ,  model i ng ,  rock mechan ics 
Crouch,  S .  L . ,  C .  Fa irh u rst. Ana lysis of Rock Mass 
Deformations Due to Excavation s .  I N :  Rock 
Mechan ics Sympos ium,  Winter An nua l  Meetin g  of 
Amer ican Society of Mechan ical Eng ineers ,  Detroit, 
November 1 1 - 1 5 , 1 973,  D . L. S ikarskie, ed . ,  
American  Society of Mechan ical  Eng ineers ,  New 
p .  25-40. 
The major d ifficu lty i n  attempting  to calcu late 
stresses and displacements caused by underground  
excavations is that the  material characteristics and 
deta i led geologic structure of  the  rock mass usua l ly 
are u n known . The ideas presented i n  th is paper are 
based on the assu mptions that the rock mass can 
be characterized as a l i nearly elastic materia l  and 
th at any n on l inear behavior is  confined to the 
immediate vicin ity of the excavations or to any 
known major structura l featu res with in  the mass . 
Keyword (s) : geologic featu res, rock mechan ics, 
eng ineering ,  surface structu ra l  damage, model i ng  
Crowel l ,  D .  L. Dri l l i ng  for M ine  Subsidence 
M itigation . Oh io  M ineral I ndustries Report, 1 990, 
O h io Department of Natura l  Resou rces, Divis ion of 
G eologica l  Su rvey, 7 p.  
The O h io Geolog ical  Su rvey completed a 39-
ho le  dr i l l i ng project as part of a mine-su bsidence 
mitigation investigation . The U .S . Office of S u rface 
M in i ng  provided fu nd ing to devise the m it igation 
. Part of th is p lan requ i red holes to be dri l led 
i nto the Wellston mine complex to determ ine  the 
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extent  of m in i ng  activity and the progress of 
su bsidence u n der that portion of the c ity with th e 
greatest n u mber of su bsidence compla ints . 
Keyword (s) : abandoned mines, m itigation , coal 
m in i ng ,  geotechn ica l ,  h istorica l ,  su rface structu ral 
damage 
Location (s) : O h i o, Un ited States 
Cu lshaw, M .  G . ,  A. C. Waltham . Natural and 
Artif ic ia l  Cavities as G round  Eng ineeri ng Hazards . 
Quarterly Jou rna l  of Eng ineeri ng  Geology, 20, 
1 98 7 ,  p.  1 39- 1 50.  
Keyword (s) : geolog ic featu res, eng ineering,  
land-use p lann i ng 
Cu lshaw, M .  G . ,  F .  G .  Bel l ,  J .  C .  Cr ipps, M .  O ' Hara, 
eds . Pla n n ing  and Eng ineeri ng  Geology. Geolog!cal 
Soc iety Eng ineering  Geology Specia l  Publ ication N o .  
4, Proceedings o f  Conference, 1 987 ,  64 1 p .  
The papers i n  th is sympos ium review the 
relationsh i p  between plann ing  and engineering 
geology and its development i n  response to 
i ncreas ing publ ic  awareness of environmental 
conservation and restoration needs .  
Keyword (s ) : eng ineering ,  abandoned mines, 
land-use pla n n ing ,  coal m in i ng ,  non-meta l m in i ng ,  
remote sens ing ,  geophysica l ,  hydrology, pred iction  
Location (s) : Un ited Kingdom, Jamaica, Ch ina  
Cu lshaw, M .  G . ,  P .  D .  Jackson ,  D .  M .  McCann . 
G eophysical Mapp ing Tech n iques in Envi ron mental 
P lann i ng . I N :  P lann ing  and Eng ineeri ng Geology, 
Proceedings 22nd Annua l  Conference, Eng ineeri ng  
G roup  of the  Geolog ical  Society, Plymouth 
Polytech n ic, September 8- 1 2, 1 986,  M . G . Cu lshaw, 
et a l . ,  eds . ,  The Geological  Society, London,  1 987 ,  
p .  1 7 1 - 1 7 7 .  
G eophysical i nformation can b e  used t o  identify 
geologica l  featu res, some of which may be a 
problem during  the plann ing ,  design ,  or construction 
of a new development.  
Keyword (s) : abandoned mines, geophysica l ,  
se ismic,  roads 
Location (s) : Un ited Kingdom 
Cu lver, H .  E .  Coal Resou rces of District I l l  (Western 
I l l i nois ) . I l l i nois State Geologica l  Su rvey, M in ing  
I nvest igation Bu l let in 29 ,  1 925,  1 28 p .  
Keyword (s) : coal m in ing ,  h istorical 
Location (s) : I l l i no is ,  I l l i nois Coal Bas in ,  Un ited 
States 
Cu lver, H .  E .  Coal Resources of District I l l .  I l l i nois 
State Geological Survey, M in ing  I nvestigation 
Bu l letin 29, 1 925,  1 28 p .  
Keyword (s) : coal m in ing ,  h istorica l 
Location (s) : I l l inois, I l l i no is Coal Bas in ,  Un ited 
States 
Cummings,  R. A . ,  M .  M .  S ing h . I nvestigation and 
Abatement of  Subsidence Damage at the  He ltsley 
Residence, Ind ian a .  I N :  Mine Subsidence, Society of 
Min ing  Eng ineers Fal l Meeting ,  St .  Lou is ,  MO,  
September, 1 986,  M . M .  S ingh , ed . ,  S M E, Littleton ,  
CO, p .  65-7 1 . 
I n  Apri l  1 984 a subsidence depression formed 
directly beneath a two-story frame residence near  
Linton,  I N, caus ing 2 ft  of separation between the 
f loor and wal ls,  and damaging both the fou ndation 
and interior of the bu i ld i ng . The Office of S u rface 
Min ing  undertook the rehab i l itation of the area 
u n der its emergency response program . This paper 
describes the investigation performed to determine  
the  cause, severity, and extent of  the problem . 
Abandoned mine workin gs were fou n d  ap­
proximately 55  to 60 feet below the h ouse .  Based 
on the f indings, remedia l  measures were prescribed . 
An abatement program consisting  of g rout ing the 
mine voids was recommended, and specifications 
prepared . These were implemented, and the a rea 
has been successfu l ly stab i l ized . 
Keyword (s) :  su rface structura l damage, 
structural m itigation,  abandoned m ines ,  grouting ,  
coa l m in i ng ,  geotechn ica l ,  geologic features, room­
and-pi l lar,  subsurface water, fou ndations 
Location (s) : I nd iana,  I l l inois Coal Basin , Un ited 
States 
Cu nda l l ,  P .A.  A Computer Model for S imu lating  
Progressive Large Scale Movements in  Blocky Rock 
Systems.  I N :  Proceedings I n ternationa l  Symposi u m  
o n  Rock Mechan ics, 1 97 1 ,  8 p .  
Keyword (s } :  computer, p red iction , rock 
mechan ics, model ing  
Curth , E .  A.  Relative Pressu re Changes in  Coa l  P i l l a r  
During Extraction : A Progress Report .  U . S .  Bureau 
of Mines R I  6980, Ju ly 1 967,  20 p.  
Keyword (s) : p i l lar  strength , i n  s itu testing ,  coal  
m in ing  
Location (s ) :  Un ited States 
Cu rth , E. A. Roof Support Problems in Lon gwal l  
M in i ng :  A Study in  the  Un ited States and Germany 
in  1 97 1 .  I N :  Proceedings U . S .  Bureau of M ines 
Technology Transfer Seminar, Lexington ,  KY, 
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March 6,  1 973,  G round Control Aspects of Coal 
M ine  Desig n ,  U . S .  Bu reau of M ines IC 8630, 1 974, 
p. 1 0 1 - 1 1 4 . 
O bservations at 1 2  selected longwal l  operations 
i n  the Un ited States ind icated that roof control at 
the face was ach ieved even under adverse 
conditions .  A study in  G ermany inc luded 25 mine 
trips  and the Essen Research Center ' s  techn iques 
for the eva luation of roof and su pport .  
Keyword (s) : roof support, longwal l ,  roof 
stabi l ity, coal m in ing  
Location (s) : West Virg in ia,  Virg in ia ,  
Pen nsylva n ia ,  Appa lachian Coa l Region , Un ited 
States, G ermany, Europe 
Curth , E. A . ,  M. D. Cavinder .  Longwal l  M in ing  the 
Herrin No. 6 Coalbed in  Southern I l l i no is .  I N :  
Proceedings,  I l l i nois M in ing  I nstitute, 1 97 7 .  
I n  Apri l  1 975 ,  t h e  U S B M  awarded a cost­
shari ng  contract to Old Ben Coal Co . with the 
objective of demonstratin g  that the Herrin Coal in  
southern I l l i nois can be mined by longwal l  methods 
us ing  sh ie ld-type roof supports . Earl ier attempts at 
longwal l i ng  us ing chocks ended in  fa i l u re .  
Keyword (s) : longwal l ,  coal min ing ,  geologic 
features, rock mechan ics, roof support 
Location (s) : I l l i nois, I l l i nois Coal Basi n ,  Un ited 
States 
Curth , E. A. Safety Aspects of Longwal l  M in ing  i n  
t he  I l l i nois Coal Basin . U . S .  Bureau of  M ines IC  
8776,  1 978 ,  3 7  p .  
Keyword (s) : The USBM and Old Ben Coa l  Co . 
part ic ipated in a cost-shari ng  contract to 
demonstrate longwal l  m in ing  in the Herrin No . 6 
coalbed in southern I l l i nois . A premin ing  
investigation la id the groundwork for specifying  a 
roof-support system des igned to control hazardous 
g round .  Lem iscate-type roof sh ields were selected . 
A rock mechan ics program and geological mapping 
provided early warn ing  capabi l ity and criteria for 
equ i pment design .  The effect of min ing  on the 
surface was mon itored by a surface survey to 
develop subsidence-prediction criteria for the I l l i nois 
coal basin . The major adverse cond ition was the 
occu rrence of l imestone concretions, cal led coa l 
ba l ls ,  in massive pods. The sh ields provided 
adequate roof control even in fau lty groun d .  The 
accident rate was low. 
Keyword (s ) :  longwa l l ,  m ine operation,  coal 
m in i ng ,  m ine  safety, survey methods 
Location (s} : I l l i nois, I l l inois Coa l Basin , Un ited 
States 
Curth , E .  A. Design of Longwal l  M in ing  Systems.  
IN :  Proceed ings 1 st Conference on G round  Control 
Problems in the I l l inois Coal Basi n ,  Southern I l l i nois 
Un iversity at Carbondale,  August 22-24, 1 979 ,  
Y. P .  Chugh  and A .  Van  Bes ien , eds . ,  1 980, p .  
1 65-207 . 
The I l l i nois Coal Bas in  conta ins  s ign ificant 
reserves and is one of .the important coa l-produc ing 
provinces in  the Un ited States in  close proximity to 
consu mers . Room-and-p i l lar  methods are prevalent, 
with the resu lt that the average coa l recovery 
approximates 50% and roof control is difficu lt .  The 
a lternative is longwal l  m in ing ,  with the potentia l  for 
better g rou nd control ,  genera l ly easier compl iance 
with safety standards, improved productivity and  
h igher resource recovery . 
Keyword (s) : coal m in ing ,  longwa l l ,  m ine  desig n ,  
fin ite element, economics 
Location {s) : I l l i nois ,  I l l i no is  Coal Basin ,  
Pennsylvan ia ,  Un ited States 
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Cyru l ,  T . , Z .  Kleczek, A. Zorychta . Certa in Pol ish 
Experiences in  Contro l l i ng  and  Predicting  the 
S u rface S u bsidence Due to Min ing . S M E-AI M E  
Prepr int N o .  8 6-82,  for presentation at the S M E  
An nua l  Meeting ,  New Orleans, LA ,  March 2-6, 
1 98 6, 9 p .  
Polan d  has ach ieved h igh  coa l production 
despite unfavorable min ing  and geolog ical 
cond it ions by i ntroduc ing n ew and orig ina l  solutions 
to the m in i ng  practice .  This paper deals on ly with 
su rface subsidence and  protection against min ing  
influences i n  the Upper S i lesian Coalfield .  
Keyword (s) :  longwal l ,  surface structu ral 
damage, m ine  design ,  p i l lar  extraction , geologic 
featu res, coal  m in ing  
Location (s} : Poland 
Da Costa, A. M . ,  C .  Fairh u rst. Comparison of 
Numerica l Model ing  with Predictions from 
Laboratory Tests and Field Observations of 
Deformation in a Potash Mine  in Sergipe, Braz i l .  I N :  
Proceed ings 26th U . S .  Sympos ium o n  Rock 
Mechan ics, Rapid City, SD, J u ne 2 6-28,  1 985 ,  E .  
Ashworth,  ed . ,  Ba lkema,  Rotterdam,  1 985 ,  p .  
239-249 . 
Th is paper examines the appl ication of two 
nu merical methods (th e f in ite e lement meth od and 
the displacement d iscontinu ity method) to practical 
examples in  the s imu lation of the behavior of 
min ing  excavations in  the Taquari-Vassouras M ine  
in  Braz i l . 
Keyword (s) :  model ing,  fin ite element, 
computer, rock mechan ics, lab testing ,  i n  s itu 
testing,  non-meta l min ing 
Location (s) : Braz i l  
Daemen , J .  The Effect of Protective Pi l lars on the 
Deformation of Mine Shafts . Rock Mechan ics, v .  4,  
No .  2 ,  October, 1 97 2 .  
Keyword (s) :  p i l lar  strength , m i n e  design ,  rock 
mechan ics 
Daemen,  J .  J .  K . ,  M .  Hood . Subsidence Profi le 
Functions Derived from Mechan istic Rock Mass 
Models . I N :  Proceedings,  Workshop on Su rface 
Subsidence Due to Underground M in ing ,  
Morgantown , WV, November 30-December 2 ,  
1 98 1 ,  S . S .  Peng and M .  Harth i l l ,  eds . ,  Department 
of Min ing  Eng ineering ,  West Virg in ia  Univers ity, 
1 9 8 2, p. 1 2 4- 1 3 9 .  
This paper considers the fi rst phase of an 
assessment of  the use of  mechan istic subsidence 
models, namely the possib i l it ies and problems 
associated with estimating the large-scale rock  
parameters needed to  use  some of  the  elastic 
solutions for subsidence calcu lations by treatin g  the 
solut ions as profi le fu nctions .  
Keyword (s) : vertical d isplacement, horizontal 
d isplacement, empir ical model, mode l ing,  profi le 
fu nction 
Dah l ,  H. D. Mine Subsidence as a Problem in 
Cou lomb Plasticity .  M .S .  Thesis, Pen nsylvan ia  State 
Un iversity, State College, 1 967,  84 p .  
Keyword (s) : model ing ,  phenomenolog ical 
model, p lastic model 
Dah l ,  H. D. A Fin ite Model for An isotropic Yie ld ing 
in Cavity Loaded Rock .  Ph . D .  Dissertation , 
Pen nsylvan ia State Un iversity, 1 969 ,  1 55 p .  
Keyword (s ) :  model ing 
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Dah l ,  H .  D . ,  R .  C .  Parsons .  G roun d  Control Stud ies 
in the H u mphrey No. 7 M ine  of Ch ristopher Coal 
Divis ion,  Consol idation Coal Company. A I M E  
Centenn ia l  A n n u a l  Meeting ,  New York, NY, 1 97 1 ,  
A I M E  Preprint 7 1 -AM- 1 0 1 . 
A comprehensive research effort was d irected 
toward improving  ground stab i l ity in the Humphrey 
and  n earby mines having s imi lar  roof cond itions .  
Keyword (s) : g round  control ,  roof stabi l ity, coa l 
m in i ng  
Location (s) : Un ited States 
Dah l ,  H .  D. Two and  Th ree Dimensional  E lastic­
E lastoplastic Analyses of M ine  S u bsidence . I N :  
Proceed ings 5th I nternationa l  Strata Control 
Conference, 1 972,  Paper No .  28 ,  5 p .  
T h e  author d iscusses f in ite element models 
u sed to s imu late subsidence phenomena and 
correlates the resu lts obta ined to field data from 
Brita in  and  the Un ited States . The U . S .  data are 
from observations over mines in western Pen n­
sylvan ia  and  West Virg in ia . 
Keyword (s) : conti nuum mechan ics ,  fin ite 
e lement, phenomenological  model,  elastic model,  
p lastic model ,  model ing  
Location (s ) : Eng land,  Pen nsylvan ia,  West 
Virg i n ia ,  Appalach ian Coal Region,  Un ited States 
Dah l ,  H .  D . ,  R. C .  Parsons . G round  Control Stud ies 
in the Humphrey No .  7 M ine, Ch ristopher Coa l 
Division ,  Consol idation Coal Company . Transactions 
AI M E, v. 252 ,  1 972,  p. 2 1 1 -2 2 2 .  
T o  improve roof stabi l ity, Continenta l  O i l  
Company 1s  research program ,  in itiated in  1 969,  
was d irected toward defin ing  the geolog ical 
parameters that affect the severity of roof con­
d it ions in  any particu lar area of the mine .  In 
addition , the program was seeking to define  why 
roof fa l ls  i n  the H u mph rey No.  7 mine (and in  
northern West Virg in ia-southwestern Pennsylvan ia  
coa l m in ing  areas) are oriented so that  they occu r 
primari ly i n  north -south rooms or entries . 
Conclusions and  recommendations from this study 
of roof fa l l  orientation are g iven . 
Keyword (s) : coa l m in ing ,  roof stabi l ity, geologic 
featu res 
Location (s) : West Virg in ia ,  Pen nsylvan ia ,  
Appalach ian  Coal Region , United States 
Dah l ,  H .  D . ,  D. S .  Choi . Measu rement and 
Prediction of  M ine  Subsidence Over Room and Pi l lar  
Workings in  Th ree Dimensions .  I N :  Proceedings 
A I M E  Annual  Meeting ,  Dal las,  TX, February 23-28, 
1 974.  
Subsidence data are compi led for a m ine  
practic ing modified room-and-p i l lar  extraction in a 
flat seam, 6 feet thick and 500 to 600 feet deep in  
the eastern Un ited States .  Overlying  topography is  
ru gged . A th ree-d imensional  mathematica l model 
was used to dup l icate observed effects . The model 
assumes subsidence is a resu lt of deformation 
governed by elastic-frictiona l  p lastic stress-stra in 
relationships .  Good agreement between observed 
and modeled effects are obta ined .  Discussion of 
observed effects is  inc luded . 
Keyword (s) : prediction , model i ng ,  mathematical  
model, coal m in ing ,  room-and-p i l lar  
Location (s) : Appalach ian Coal Region , Un ited 
States 
Dah l ,  H. D . ,  D. S .  Cho i .  Some Case Stud ies of M ine  
Subsidence and I ts  Mathematical Model i ng .  I N :  
Proceedings,  1 5th U . S .  Rock Mechanics 
Symposium, Custer State Park,  S D, September 
1 7- 1 9 , 1 973,  E . R .  Hoskins, Jr . ,  ed . ,  ASCE, 1 975 , , 
p .  1 -2 1 . 
G round movements have been mon itored over 
mines in southwest Pennsylvan ia in  which coal is 
produced both by room-and-pil l a r  and longwal l  
methods . Three-d imensiona l  contour  maps of 
su bsidence have been obta ined in which face 
position is considered an independent variab le .  
These f ie ld  data are compared with a th ree­
dimensional  ana lytical model incorporatin g  a 
frict ional  yield criteria in the constitutive relation .  I n  
addition,  the effect of topography o n  su bsidence is  
presented and d iscussed . 
Keyword (s) : vertical d isplacement, mathemati­
ca l model, pred iction , longwal l ,  room-and-pi l l a r, 
survey data process ing,  model i ng ,  coal m in ing  
Location (s ) :  Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Dah l ,  H .  D . ,  H .  A. VonSchonfeldt . Rock Mechan ics 
E lements of Coa l Mine Design . I N :  S ite 
Characterization,  Proceedings 1 7th U . S .  
Symposiu m  o n  Rock Mechan ics, Snowbi rd ,  UT, 
August 25-27,  1 976,  W . S .  Brown,  S . J .  G reen , and 
Hustru l id,  eds . ,  Un ivers ity of Utah ,  Sa lt Lake 
p. 4A 1 -4A9 .  
The pu rpose of th is paper i s  to outl i ne some of 
the design tech n iques bei ng  used in industry for 
improved roof and g round control . The d iscussion is  
restricted to coal  min ing in  s ing le,  more or less 
hor izonta l ,  seams.  It  covers a basic ana lysis 
concept that can be appl ied to the design of 
lon gwa l l  development headings,  to recommend 
extraction schemes, to the caving  properties 
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of the overburden over longwal l  panels,  subsidence 
prediction and th e design of long-term main entries . 
Keyword (s} :  coa l m in ing ,  rock mechan ics, mine 
des ign , longwal l ,  p i l lar  extraction ,  prediction 
Location (s ) : Un ited States 
Damberger, H .  H .  Ana lysis of Geological Structures 
Th at I nflu en ce Roof Stabi l ity in Room and Pi l l a r  
M ines in  the Herrin (No .  6 )  Coal Member, I l l . 
Presented at the 1 97 6  A fM E  Annua l  Meeting,  Las 
Vegas, NV, February 24, 1 97 6 .  
Keyword (s ) : roof stab i l ity, ground control ,  
room-and-p i l la r, geologic featu res 
Location (s} :  I l l i nois, I l l inois Coa l Basin ,  United 
States 
Damberger, H. H . ,  W. J .  Nelson , H . - F .  Krausse .  
Effect of  Geology on Roof Stabi l ity in Room-and­
Pi l lar  M ines i n  the Herrin ( N o .  6 )  Coal of I l l i no is .  
I l l i nois State Geological  Su rvey Reprint 1 980-P, 
1 980 .  Reprinted from Proceedings of 1 st 
Conference on G round Control Problems in the 
I l l ino is  Coal Basi n ,  August 22-24, 1 979 ,  Y. P .  
C h u g h  a n d  A .  Van Besien1 eds . ,  Southern I l l inois 
Un ivers ity, Carbondale,  1 980, p .  1 4-32 . 
Keyword (s ) : roof stabi l ity, room-and-p i l lar, 
g round  control ,  coa l m in ing ,  geologic features 
Location {s ) : I l l i nois, I l l i nois Coa l Basin,  Un ited 
States 
Damberger, H .  H . ,  W. J .  Nelson,  H . -F .  Krausse . 
Effect of G eology on Roof Stabi l ity in Room-and­
Pi l l a r  M ines i n  the Herri n {No. 6 )  Coal of I l l i no is .  I N :  
Proceedings 1 st Conference o n  G round Control 
Problems in the I l l ino is  Coa l Bas in ,  August 22-24, 
1 979 ,  Y. P .  Chugh  and A .  Van Bes ien , eds. ,  
Southern I l l i no is Un iversity, Carbondale, 1 980, p .  
1 4-32 .  
Roof stab i l ity i n  u nderground mines i n  the 
Herrin Coal is  dependent upon the l ithology and 
geologic structure of the rocks overly ing the coa l .  
Keyword (s ) :  roof stabi l ity, coal min ing,  active 
m ines, geologic featu res, room-and-pi l lar  
Location {s } : I l l inois, I l l i nois Coal Basin , Un ited 
States 
Dames and Moore .  Rock Mechan ics Stud ies, Un ited 
States Bureau of M ines Lon gwa l l  Demonstration ,  
O ld  Ben M ine ,  No .  24, Benton , I l l i no is; Phase I l l -­
Prel im inary Report, Panel 1 .  Job No. 07734-
002-07 I 1 977  • 
Keyword (s) : rock mechan ics, longwal l ,  coal  
m in i ng  
Location (s) :  I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Danie ls,  J . ,  L. D. Moore .  The Ultimate Crush ing  
Strength of  Coa l .  Eng ineering  and  M in i ng  Jou rna l ,  
v.  1 0, August, 1 907, p .  263-268 . 
Keyword (s) : p i l lar  strength , coal m in i ng  
Darmody, R .  G . ,  I .  J .  Jansen, S .  G .  Carmer, J .  S .  
Steiner .  H igh  Extraction r\ll i n in g :  Effects on  Corn 
Yields . I N :  Proceedings N ationa l  Symposiu m  on 
Min ing ,  Hydrology, Sedimentology, and  
Reclamation ,  Springfie ld, I L, December 7- 1 1 ,  1 98 7 ,  
Office o f  Engineering  Services, Un ivers ity of 
Kentucky, Lexington ,  p .  203-208 . 
The impact of coal mine subsidence-i nduced 
effects on corn yie lds in  1 985  and 1 98 6  i n  I l l i nois 
was i nvestigated . The study areas were photo­
graphed from the a i r, and  a reas deemed to h ave 
subsidence-induced effects were del ineated on the 
photos after photo a nalys is .  S ites for corn yie ld 
sampl ing were harvested in  the fa l l .  of each year .  
Keyword (s) : agricu ltu re, coal  m in i ng ,  active 
mines, longwal l ,  h igh-extraction retreat, 
photography, subsidence research 
Location (s) : I l l i no is,  I l l ino is Coal Bas in , Un ited 
States 
Darmody, R. G . ,  I .  J .  Jansen , S .  G .  Carmer, J .  S .  
Steiner .  Effects of Coal-Mine Subsidence o n  Corn 
Yields in  I l l i no is .  I N :  Agronomy Abstracts, 
Proceedings 79th An nua l  Meetin g  of American 
Society of Agronomy, Atlanta , GA, November 29-
December 4, 1 987  p .  2 5 .  
T h e  effect o n  corn yields o f  u n derground  coal  
mine induced subsidence was studied in  I l l i no is .  
Two types of  coal m ines with p lan n ed su bsidence 
were stud ied, longwal l  and h igh-extraction retreat. 
Subsided a reas were inventoried by means of aer ia l  
photography.  Areas with obvious increase in  soi l  
wetness or with change in  topography due to 
m in ing  were marked on the photos . Corn yields 
were sampled i n  the fa l l  of each year .  Although the 
overa l l  reduction in  yield was s l ight, when cal­
culated oh a weighted area average basis,  a reas 
associated with longwal l  min ir-:i-g had s ign ificantly 
greater decrease in yield than did areas associated 
with h igh -extraction retreat m in i ng .  
Keyword (s) : agricu ltu re, h igh -extraction retreat, 
longwal l ,  photography, soi ls 
Location (s) : I l l i nois, I l l i n ois Coal Basi n ,  Un ited 
States 
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Darmody, R. G . ,  J .  S .  Ste iner, I .  J .  Jansen , S .  G .  
Carmer.  Agricultural  I mpacts of Coal Mine 
S u bs idence : Eva l u ation of Three Assay Methods . 
Jou rna l  of Environ mental Qua l ity, v. 1 7 , No . 3 ,  
1 9 8 8 I p • 51  0-5 1 3 • 
A microcomputer  and spread sheet program 
were u sed to store and ana lyze data from a 
col lection of maps and  aeria l  photographs i n  a 
research project concern ing the agricu ltu ral impacts 
of u n derground  coal  mine i nduced subsidence . The 
overal l  objective of the research project was to 
assess the · damage to agricu ltura l  production 
caused by u n dergrou nd coal  mine subsidence . The 
work reported here deta i ls the development and  
eva l uation of  the method u sed to  meet the  overa l l  
objective . 
Keyword (s ) : survey data processing,  computer, 
subs idence research ,  photography, agricu ltu re 
Location (s) : I l l i nois,  I l l i nois Coal Basin , Un ited 
States 
Darmody, R .  G . ,  I .  J. Jansen,  S .  G .  Carmer, J .  S .  
Ste iner .  Agricu ltu ra l I mpacts of Coal Mine 
S u bsidence : Effects on Corn Yields . Journa l  of  
Envi ron mental Qua l ity, v .  1 8 , no .  3 ,  Ju ly­
September, 1 989 ,  p. 2 65-267 . 
Underg round  coal m in ing  methodology is 
moving toward techn iques that cause immediate 
p lanned su bsidence of the overlying  land . Damage 
done by subsidence to structures has  been docu­
mented , but the effects on agricu ltu ral productivity 
a re u n docu mented . Th is study was conducted to 
( 1 )  determine  the extent of measurable subsidence 
effects associated with p lanned subsidence m in ing ,  
( 2 )  measure the  i mpact of  subsidence on corn yield, 
and (3) compare the effects of longwal l  and h igh  · 
extraction retreat m in ing  methods . Five locations in  
southern I l l i no is were inc luded in  the 3-year study. 
Keyword (s) : agricu ltu re, coal  m in ing ,  active 
m ines, longwal l ,  h i gh-extraction retreat 
Location (s) : I l l i no is,  I l l ino is Coal Bas in ,  Un ited 
States 
Darmody, R. G . ,  F. W. S immons, T .  J. Bicki,  S. D .  
Hard ing .  Coal M i n e  Su bsidence Effects on Soi ls and 
Hydrology. I N :  Agronomy Abstracts, American 
Society of Agronomy 8 1  st Annua l  Meeting,  October 
1 5-20, 1 98 9 ,  Las Vegas, NV, p .  2 6 1 . 
Research was u ndertaken to determine the 
effects of coal mine subsidence on soi ls and 
hydrology in  southern I l l i nois . Areas to be 
u ndermined by p lanned subs idence types of 
m ines were characterized prior to m in i ng .  Soi l  
investigation pits were excavated to a l low profi le  
description and col lection of samples for bu lk 
density, satu rated hydra u l ic conductivity, particle 
size, shear strength , and penetrometer resistance .  
Saturated hydrau l ic  conductivity was a lso deter­
mined in the field by means of a Bouwer double 
tube hydrau l ic conductivity device . Piezometers 
were instal led at various depths .  
Keyword (s) : agricu ltu re,  soi ls,  hydrology, active 
mines, coal m in ing ,  longwal l ,  h i gh-extraction retreat 
Location (s) :  I l l inois,  I l l inois Coal Bas in ,  Un ited 
States 
Darmody, R. G . ,  T. J .  Bicki . Use of Civi l  Eng ineering  
Fabrics i n  Pedological F ie ld  Research . So i l  Sc ience 
Society of America Journa l ,  v .  53 ,  no .  6 ,  Novem-
. ber-December 1 989 ,  p. 1 9 1 2 . 
Dur ing the course of a f ield research project 
involving the effects of mine su bsidence on soi ls i n  
southern I l l inois, t he  need to  routinely re-examine  
pedons from so i l  p its was rea l ized . 
Keyword (s) :  agricu ltu re,  soi ls,  in s itu testi ng ,  
coa l m in ing ,  active mines 
Location (s) : I l l i nois,  I l l inois Coal Basin ,  Un ited 
States 
Darmody, R. G .  I l l inois M ine  Subsidence Research 
Program :  The Agronomic Contribution s .  I N :  M ine  
Subsidence - Prediction and Control , Nationa l  
Sympos ium,  33rd An nua l  Meeting ,  Association of 
Eng ineering Geologists, October 2-3 ,  1 99 0, C . D .  
E l ifrits , ed . ,  Pittsburgh ,  PA, p .  1 1 9- 1 29 .  
Th is paper describes th ree agronomic projects 
to investigate the impact of coa l mine su bsidence 
on agricu ltu re :  an  assessment of the impact of coal 
mine subsidence on corn yields, an  eva luation of 
subsidence mitigation , and an  evaluation of the 
direct impact of subsidence on agricu ltural so i l s .  
Keyword (s) : agricu ltu re,  active mines, coal 
m in ing ,  m itigation , soi ls, hydrology, subsidence 
research 
Location (s} : I l l i nois, I l l inois Coal Bas i n ,  Un ited 
States 
Darmody, R. G . ,  R. T.  Hetzler, F. W .  S immons .  Coal 
Mine Subsidence : The Effect of M itigation on Crop 
Yields . I N :  Proceedings Th i rd Workshop on S u rface 
Subsidence Due to Underground M in i ng ,  J u ne 1 -4, 
1 992,  S .S .  Peng ,  ed . ,  Morgantown, WV, p .  
1 83- 1 8 8 .  
Longwal l  coal m i n i n g  i n  southern I l l i nois  occu rs 
beneath some of the best agricu ltu ra l l and in the 
Un ited States . Th is reg ion is characterized by h ig h ly 
productive, nearly level,  and somewh at poorly 
89 
drained soi ls . S u bsidence from longwal l  m in ing  
causes changes in  surface topography, which a lters 
su rface and subsurface hydrology . These changes 
can adversely affect agricu ltu ral land by creat ing 
wet or ponded areas that can be deleterious to crop 
produ ction .  Although most su bsided areas showed 
l i tt le i mpact from su bsidence, some areas experi­
ence tota l crop fa i l u re .  Coal compan ies are requ i red 
by law to m itigate subsidence damage to cropland .  
The objective o f  th is study was t o  test the 
effectiveness of mitigation i n  restoring  gra in  yields 
to their p re-mined levels . 
Keyword (s) : agricu ltu re,  land m itigation,  active 
m ines,  longwa l l ,  coa l m in ing ,  hydrology, subsurface 
water, soi ls ,  reclamation 
Location (s) : I l l i nois,  I l l i nois Coal Bas in ,  Un ited 
States 
Darmody, R. G . , R. T. Hetz ler, F. W. S immons . Coal 
Min e  S u bsidence : Effects of Mitigation on Crop 
Yields . I nternationa l  Journal  of S u rface Mining and 
Reclamation , 6 ,  1 992 ,  p.  1 87- 1 90.  
S u bsidence from longwa l l  u nderground coal 
m in i ng  adversely impacts agricu ltural land by 
creatin g  wet or  ponded areas .  Although most 
subsided areas showed l ittle  impact, some areas, 
usua l ly less than 1 .5 ha in s ize, may experience 
tota l crop fa i l u re .  Coal companies mitigate sub­
s idence damaged cropland by i nsta l l i ng  dra inage 
waterways or  by add ing f i l l  materia l  to raise the 
g rade .  The objective of th is study was to test the 
effectiveness of m itigation in restoring  corn and 
soybean yields to  pre-mined levels . Fourteen s ites in 
southern I l l i no is  were selected for study. Corn and 
soybean yields from m itigated and nearby u ndis­
tu rbed areas were compared for 4 years . Resu lts 
varied due  to d ifferi ng  weather and s ite conditions .  
Mean corn yields overa l l ,  however, were sig­
n ificantly lower on m itigated areas .  There was no 
s ign if icant d ifference in  overa l l  mean soybean 
yields .  Soll fert i l ity levels were s imi lar  and did not 
account for yield d ifferences . 
Keyword (s) : ag ricu ltu re, land mitigation , coal 
m in ing ,  longwal l ,  active mines, soi ls 
Location {s) : I l l inois, I l l inois Coal Basin,  Un ited 
States 
Darn , D. Predictin g  and Eva luating  Subsidence with 
the Carbs Eag le .  Lands & Mineral Su rveying ,  v. 5, 
n o .  1 1 , November 1 987,  p. 594-597 .  
Predictin g  the  degree of  su bsidence l ikely to  be 
caused by m in ing  has always been based on "ru le 
of th u mb"  ca lcu lations using various formu las that 
relate to the zone of inf luence and the depth of the 
workings .  Computer a ided design now g ives much 
more accu rate resu lts . The author exp la ins the 
development and function of the Garbs Eagle 
software package, both in  genera l  terms and i n  its 
appl ication for tracking and  pred icting  subsidence . 
The program can be used for a l l  types of u nder­
grou nd  extraction that may affect the su rface and  
a lso for surface model ing  app l ications in  quarryin g ,  
tunne l l ing,  and  civi l eng ineeri n g .  
Keyword (s) : prediction ,  model i ng ,  computer, 
coal m in ing ,  metal m in ing ,  tu n nel l i ng ,  survey data 
processing,  geologic features, overburden , active 
mines, engineering ,  l and-use p lan n ing  
Location (s) : Un ited Kingdom 
Darton ,  N .  H .  Notes on Sand for M ine  F lush ing in 
the Scranton Reg ion . U . S .  Bureau of M ines B 25 ,  
1 9 1 2, p .  72 .  
Th is bu l letin deals with the  h istory and  con­
dition of min ing operations in  the Scranton ,  Pen n­
sylvan ia ,  a rea . 
Keyword (s) : backfi l l i ng ,  coal m in i ng ,  h i storical 
Location (s) : Pennsylvan ia ,  Appalach ian Coal  
Region , Un ited States 
Das, B . ,  V. S ingh . Theoretica l I nvestigation I nto the 
Angle of Break in  Relation to the Depth . Jou rna l  of 
Mines,  Meta ls and Fuels,  v .  2 1 ,  Apri l ,  1 973 ,  p .  
1 1 0- 1 1 2 . 
Keyword (s) : model ing  
Das,  M.  N . , D .  Barat, R .  K .  Prasad,  P .  R .  Sheorey. 
Considerations for I nf luence of Overbu rden Depth 
on Coal Strength . I N :  Proceed ings,  l nternatio.na l  
Symposium on  Underground Eng ineeri ng ,  New 
Delh i ,  I nd ia ,  Apri l 1 4- 1 7 , 1 988 ,  B .  S i ngh ,  ed . ,  
Ba lkema, Rotterdam, p .  55-60 . 
As reported elsewhere, a large n u m ber of i n  s itu 
strength data for I nd ian coal seams, when p lotted 
aga inst depth , show a downward trend ind icating  
that the  in s itu strength is underestimated at depth 
because testing is genera l ly done in  the fa i led rock 
zone .  An increase in  the depth of cover increases 
the fa i l u re zone, caus ing more deteriorated rock to 
be tested . In the case of smal l  sca le laboratory 
strength , the influence of depth is i nsign ificant ex­
cept at greater depth . Further systematic inves­
tigations were carried out in  a s ing le seam at 
Barmondia Col l iery to confi rm the fin d ings more 
conclusively. 
Keyword (s ) :  in situ testing ,  lab testing ,  p i l l a r  
strength , coa l min ing,  overburden , rock mechan ics 
Location (s) : I nd ia  
9 0  
Dau nesse, C . ,  Y. Reimbaud . The Min ing  Subsidence 
in the Nord and  Pas-de-Cal l i us  Coalfie ld . Ann .  
M ines, October, 1 963,  p .  5 89-633 ( in  French ) .  
Location (s) : F rance 
Davies, B .  L . ,  R .  Sm ith . The I nf luence of Coal 
M in i ng  on Ma intenance, Design and Construction of 
H ighway Br idges and Cou nty-Owned Structu res in  
S outh Yorksh ire (UK) .  I N :  La rge G round Movements 
and  Structu res, Proceed ings I nternationa l  
Conference, Un ivers ity of  Wales I nstitute of 
Science and  Tech nology, Cardiff, 1 977,  J . D .  
G eddes, ed . ,  John  Wi ley & Sons,  New York, 1 978 ,  
p .  545-5 6 1 . 
Th is paper describes the approach taken by the 
South Yorksh i re County in  estab l ish ing  an  interna l  
m in ing  ad ivsory service . It  d iscusses the evolution 
of a pol icy in  rega rd to the protection of the Coun­
ty ' s  interests i n  those structures, whether h ighway 
or  bu i ld ing  for which the County has a di rect res­
ponsib i l ity, and  g ives exam ples of min ing  related 
problems that it has dealt with during the fi rst 3 
years of its existence . 
Keyword (s) : construction ,  surface structu ral 
damage,  structu ra l m itigation ,  coal m in ing ,  roads,  
Nationa l  Coal Board, active mines, abandoned 
mines 
Location (s) : Un ited Kingdom 
Davies, J .  B .  A Novel Method of Conveying  Culm 
into O ld  Workings to Su pport the Roof.  Col l iery 
Eng ineeri ng ,  v .  1 4, August, 1 893,  p .  1 1 .  
This a rticle describes a method of introduc ing 
cu lm and  water at the B lack D iamond Col l iery, near  
Kin gston ,  PA. 
Keyword (s) : backfi l l i ng ,  hydrau l ic backfi l l i ng ,  
m ine  waste 
Location (s) : Pen nsylvan ia ,  Appa lach ian Coal 
Reg ion ,  Un ited States 
Davies, J .  D. C ircu lar  Tanks on G round Subject to 
M in i ng  S u bsidence . Civi l  Eng ineering and Publ ic 
Works Review, London,  v .  55 ,  no.  648, 1 960, p .  
9 1 8-920.  
Keyword (s) : su rface structu ral damage 
Location (s) : Eng land 
Davis, G .  H .  Formation of  Ridges Through 
Differentia l  Subsidence of  Peatlands of  the 
Sacramento San Joaqu in  Delta , Ca l iforn ia . U . S .  
G eological  Survey Professiona l  Paper 475-C, 1 963 , 
p .  1 62- 1 65 .  
Keyword (s) : geologic featu res 
Location (s) : Cal iforn ia  
Davis, G .  H .  Land Subsidence Related to Head 
Decl ine  at Baton Rouge, Lou isian a .  G eological  
Society of America, Special Paper 1 0 1 ,  (abstract) ,  
1 968,  p .  354.  
Keyword (s} : fl u id extraction ,  subsurface water 
Location (s} : Lou is iana ,  Un ited States 
Davis ,  G .  H . ,  H .  B. Cou nts . Further Examination of 
Su bsidence at Savannah ,  Georg ia ,  1 955- 1 9 7 5 .  I N :  
Proceed ings 2nd I nternationa l  Sympos ium o n  Land  
Subsidence, Anaheim,  CA, December 1 3- 1 7 , 1 976,  
I nternational  Association of  Hydrological  Sciences, 
Publ ication No .  1 2 1 ,  Wash ington,  D . C . ,  1 977 ,  p .  
347-354. 
Keyword (s} : hydrology 
Location (s} : Georg ia ,  Un ited States 
Davis,  G .  H .  Land Subsidence and Sea Level Rise 
on the Atlantic Coasta l P la in of the Un ited States . 
Environ mental Geology and Water Sciences, 1 0, 
1 987,  p .  67-80. 
Keyword (s} : surface water, geolog ic  features 
Location (s} : Un ited States 
Davis , P. K .  Model Studies for Opti m u m  Hydrau l ic 
Backfi l l i ng  of Underground Coal M ines Throug h  
Boreholes for Subsidence Contro l .  I N :  Proceedings ,  
3rd Conference on Grou nd Control Problems in  the  
I l l i no is Coal Bas in ,  Mt .  Vernon,  I L, August 8- 1 0, 
1 990,Y. P .  Chugh ,  ed . ,  Southern I l l i nois Un ivers ity, 
Carbondale,  p. 345-359 .  
Research on  the  feasibi l ity of  dispos ing of  a 
s lu rried m ixtu re of flue  gas desu lfu r ization s ludge 
and fly ash in  abandoned underg round mines h as 
been ongoing s ince 1 98 5 .  I n  addition to d ispos ing  
of  th is  waste material  i n  an  environ menta l ly accept­
able manner, it was anticipated that another s ig­
n if icant advantage to th is  method wou ld  be sub­
sidence prevention . 
Keyword (s} : model ing ,  hydrau l ic  backfi l l i ng ,  
coal m in ing ,  mine waste, abandoned mines,  
l iteratu re search 
Location (s} : I l l i nois,  I l l inois Coa l Bas in ,  Un ited 
States 
Davis, S. N . ,  F. L. Peterson, A. D. Halderman . 
Measu rement of Smal l  S u rface Displacements 
I nduced by F lu id F low. Water Resou rce Research , v .  
5 , 1 969, p . 1 29- 1 38 .  
Keyword (s) : fl u id extraction , survey methods 
Dawson ,  R. F .  Land Su bsidence Problems .  I N :  
Proceedings ASCE Su rveying and Mapping Divis ion , 
v. 89,  no .  SV2, Paper 353 1 ,  June ,  1 963, p .  1 - 1 2 . 
9 1  
Regiona l  subsidence occu rred i n  the Texas G u lf 
Coast area due to oi l  and groundwater withdrawa l ,  
resu lti ng  i n  consol idation of clay strata by 
increas ing i ntergranu lar  pressure.  
Keyword (s} : flu id extraction , surface water, 
subsurface water, hydrology 
Location (s} :  Texas, Un ited States 
Dawson , R. F. Land  S u bsidence Problems. I N :  
Proceed ings ASCE Journa l  of S u rveying and 
Mapping Division ,  v .  9 1 ,  no.  S U 1 , 1 965,  p .  53-54. 
Dean ,  J.  W. Old Mine Shafts ·and Their Hazards . 
The M in i ng  Eng ineer, London,  March , 1 967,  v .  
1 26 ,  n o .  7 8 ,  p .  368-377 .  
Keyword (s) : a bandoned mines, h istorical 
Dearm a n ,  W. R . ,  A .  Strachan ,  D. P. Roche,  C .  
Vincett . I nfl uence of M in ing  Subsidence on 
Pipel ines .  Bu l letin  of the I nternationa l  Association of 
Eng ineering  Geologists, 25 ,  1 982,  p . 1 9-24. 
Keyword (s} : p ipel i nes, uti l ities 
Dechert,  J . ,  A. Vandewal le,  A. Caron .  Le Probleme 
des Affaissements M in iers Dams le Bassin du  Nord­
Pas-de-Ca la is ( Problem of Mine Su bsidence in  the 
Nord-Pas-de-Cala is Basin ) .  l ndustrie Minera le,  St .  
Etienn e, France, v .  62,  no.  5 ,  1 980, p .  295-3 1 3 . 
Location (s) : France 
Deere, D .  U . ,  A .  J .  Hendron,  F .  D .  Patton,  E .  J .  
Cord in g .  Design of Su rface and Near-Su rface 
Construction in Rock. I N :  Fa i l u re and Breakage of 
Rock, Proceedings 8th Symposiu m  on Rock 
Mechan ics, Un iversity of Minnesota, September 
1 5- 1 7, 1 966, C .  Fa irh u rst, ed . ,  AI M E, New York, p. 
237-302 . 
I n  design ing  a structu re founded in near-su rface 
rock, the authors th ink  th at eva luating the eng ineer­
i ng  properties of the rock mass is one of the most 
important steps . Th is paper emphasizes the deter­
m ination of the eng ineering  properties of the i n  situ 
rock mass, both the deformation modu lus and shear 
strength , a lthough  not to the exclusion of other 
aspects of the problem of rock behavior and 
eng ineering  design .  
Keyword (s) : m ine des ign,  rock mech an ics, 
g eotechn ica l ,  tun ne l l ing,  lab test ing 
Deere, D.  V .  S u bsidence Due to Min ing--A Case 
History from the G u lf Coast Region of Texas .  I N :  
Pr�ceed ings · 4th Sympos ium on Rock Mechan ics, 
State Col lege, PA, March 30-Apri l  2 ,  1 96 1 , Bu l letin 
Minera l  I ndustry Experiment Station ,  v .  7 6, The 
Pennsylvan ia State Un iversity, p .  59-64.  
Su lfu r extraction by the Frasch process from 
the cap rock of nu merous salt domes in the G u lf 
Coast Region of the Un ited States has produced 
subsidence of the surface over m in ing  a reas .  A 
record of measu rements of the surface su bsidence 
and the associated horizontal movements extend ing 
over a period of  2 .5  years is  presented from an  
operation in Texas .  
Keyword (s) :  non-meta l m in ing ,  su rvey data 
process ing,  mon itoring methods, horizontal 
displacement 
Location (s) : Texas, Un ited States 
Degi rmenci ,  N . ,  D. J .  Reddish,  B. N .  Wh ittaker.  A 
Study of Surface Subsidence Behaviour Aris ing 
from Longwal l  Min ing of Steeply Pitch ing  Coal  
Seams . IN :  Proceedings, 6th Coal Cong ress, 
Zongu ldak, Tu rkey, May, 1 988 ,  27  p .  
Keyword (s) : longwa l l ,  coal m in ing ,  vertica l  
d isplacement, geolog ic featu res 
Degraff, J .  V. Selected Bibl iography on Land  
Subsidence. U .S . Department of Agricu ltu re, R-4 
l ntermou ntain Reg ion,  G-R-4-78-2,  February 8 ,  
1 978 ,  25 p .  
Land su bsidence associated with extractions  of 
sol ids or fl u ids creates serious land management 
problems.  I n  an effort to provide a source of 
information on specific aspects of th is  phenomena,  
th is bib l iography was compi led . The citations were 
compi led from govern ment articles, books, and 
recent journa ls .  Most of  the  references a re from 
1 960 to 1 97 7 .  Al i ' references to su bsidence due  to 
wetting or appl icati ion of f lu ids were exc luded . The 
bib l iography is divided into two sections :  ( 1 )  ex­
tractions of sol ids and (2 )  extractions of flu ids .  Th is 
d ichotomy reflects the d ifferences i n  extent and 
effect of su bsidence resu lting from these two 
actions .  
Keyword (s) : l iteratu re search , coa l  min ing ,  
meta l min ing,  non-meta l m in ing ,  flu id extraction 
Location (s ) :  Un ited States 
Degroot, H .  P . ,  A. MacDonald . Experimental 
Stoping on the No. 5 Seam,  G reenside Col l iery . 
South African Journal  I nstitute of M ine  S u rveying ,  
v .  2 1 ,  no .  1 ,  March 1 98 1 ,  p .  1 20- 1 28 .  
Keyword (s ) :  backfi l l i ng ,  coa l m in ing  
Location (s) : South Africa 
9 2  
Dehasse, L .  Ra isi ng  Bu i ld ings S u n k  by  M ine  
S u bsidence.  Revue Un iversel le des  Mines, October, 
1 935;  a lso Col l iery G uard ian ,  v. 1 52, 1 93 6, p. 1 03 .  
Th is paper recommends that bu i ld ings con­
structed in subsidence-susceptible a reas shou ld be 
designed such that they can be readi ly ra ised to 
their orig ina l  level . 
Keyword (s) : su rface structu ral damage, 
structural  m itigation ,  construction 
DeJean ,  M . ,  J .  P .  Lamy.  Uti l isation de l ' Ord inateur  
Pou r  la Previs ion des  Affa issements Dans  les 
Hou i l leres du  Bassin du  Nord et du Pas-De-Calais 
(Subsidence Prediction by Computer in the Col l ieries 
of the North and Pas-De-Cala is Coal Basin ) .  
l ndustrie M inera le,  St .  Etien ne, France,  n o .  3 ,  
1 97 5 ,  Su pplement to June  1 975,  p .  335-338 . 
Keyword (s) :  p rediction , computer 
Location (s) : France 
DeJean ,  M. J. P . ,  F. Martin . Ampl itude of S u bsi­
dence of Underground Open ings S u bject to the 
I nfluence of M in ing  Adjacent and Below. I N :  Pro­
ceed ings 4th An nua l  Sympos ium on Subsidence in 
M ines, Wol longong,  Austra l ia ,  February 20-22,  
1 973 ,  A .J . Hargraves, ed . ,  Austra lasian I nstitute of 
M in i ng  and Meta l l u rgy, l l lawara Branch,  Paper 4, p .  
4- 1 - 4-7 . 
An u n derground open ing  situated above a 
mined seam is subject to su bsidence and defor­
mation s .  This su bsidence can on ly be measured if 
deformations rema in  s l ight, but th is on ly occu rs 
above the worked area . For this reason th is study is 
confined to th is aspect of u nderground work . Two 
types of models of behavior were considered . 
Comparison with experimental resu lts shows that 
actua l  va l ues l ie somewhere between those 
ind icated by the two theories considered . 
Keyword (s) : mu ltip le-seam extraction, 
model i ng ,  coal m in ing ,  longwal l  
Location (s) : France 
Delong,  R .  M .  Coa l -Mine Su bsidence in Oh io .  Oh io 
Geology Newsletter, Fa l l  1 988 ,  Oh io Department 
Natu ra l  Resou rces, Division of Geological Su rvey, 
Colu mbus O H ,  4 p .  
For more th an a centu ry and a ha lf, under­
ground coal m in ing  has been an active industry in  
eastern O h io .  Dur ing th is period, about 4,000 
u n derground mines, rang ing  in size from a few 
acres to several square mi les, have honeycombed 
the su rface . Severa l generations of coal m in ing  
have left us  with both a trad ition of  min ing  and a 
legacy of abandoned mines from the 11pick and 
shovel" era . Now, with an expand ing popu lation 
and its demand on space, the problems i nherent in  
th is legacy of  abandoned mines are being  inves­
tigated . One of the problems at the forefront is that 
of m ine  su bsidence--caving or d istortion of the 
ground surface due  to col lapse of u nderground  m ine  
workings .  The cost of  repairi ng  damage to  h omes 
and other structures due  to mine  subsidence can 
total tens of thousands of dol lars .  
Keyword (s} : su rface structural damage,  coal  
m in ing ,  abandoned mines, room-and-pi l lar,  
h istorical ,  structu ral m itigation , reclamation , roads,  
backfi l l i ng ,  grouting ,  i nsurance 
Location (s} :  Oh io, Un ited States 
DeMarco, M. J . ,  J .  R. Koeh ler,  P .  H .  Lu . 
Characterization of Chain Pi l lar Stab i l ity in a Deep 
Western Coal Mine - Case Study.  Preprint no .  
88-76,  for presentation at  the  SME Ann u a l  
Meeting,  Phoen ix, AZ, Jan uary 25-28,  1 988 ,  1 2  p .  
Beg inn ing in  late 1 985  and conti n u ing  th roug h  
1 987 ,  US BM personnel investigated longwal l  cha in  
p i l l a r  and entry design  in  two- and th ree-entry 
gateroad systems at a deep undergrou nd  coal m ine  
in central Utah . To evaluate the i r  respective stabi l ity 
characteristics, fou r  cha in p i l lars and  two longwa l l  
panels with in the  two separate entry systems were 
instrumented with USBM hydrau l ic boreho le  
pressu re ce l ls  to continuous ly mon itor vertica l  and 
horizonta l  p i l lar  and pane l  stresses th rough adjacent 
panel  retreat. I n  addition , supplementa l entry 
closure information was obta ined from sites located 
in the vicin ity of the instru mented p i l lars .  The 
find ings presented in  th is report demonstrate the 
practica l ity of eva luating  mine  p i l lar  stabi l ity u sing  
in situ methods .  
Keyword (s} :  p i l lar  strength , coal m in ing ,  m ine  
des ign,  mine safety, in s itu testing ,  longwa l l ,  
instru mentation ,  mon itori ng  equ ipment, g round  
control 
Location (s} : Utah ,  Rocky Mou nta in  Coal Reg ion ,  
Un ited States 
DeMarco, M .  J . ,  J .  R. Koeh ler, P. H .  Lu . 
Characterization of Cha in P i l lar  Stabi l ity in a Deep 
Western Coal M ine--A Case Study.  M in ing  
Engineeri ng ,  December, 1 98 8 ,  p .  1 1 1 5- 1 1 1 9 .  
Beg inn ing  i n  late 1 985  and conti nu ing  th rough  
1 987,  US BM person nel  investigated longwa l l  cha in  
pi l lar  and entry design in  two and th ree-entry 
gateroad systems at a deep u n derground coal  m ine  
in central Utah . To eva luate the i r  respective stabi l ity 
characteristics, fou r  cha in p i l lars and two longwal l  
panels with in  the  two separate entry systems were 
93 
i nstru mented with US BM hydrau l ic borehole 
pressure cel ls to conti nuously mon itor vertical and  
horizontal p i l l a r  and pane l  stresses through  adjacent 
panel retreat. I n  addition , su pplemental entry 
closure i nformation was obta ined from sites located 
in the vicin ity of the instru mented p i l l ars . The 
fi n d ings presented in  th is report demonstrate the 
practica l ity of eva luat ing mine p i l lar  stabi l ity us ing 
in  s itu methods .  
Keyword (s} :  p i l l ar  strength , yield i ng  supports, 
coal  m in i ng ,  longwal l ,  m ine  des ign,  monitoring  
methods, mon itoring equ ipment 
Location (s } :  Utah ,  Rocky Mounta in  Coal Region , 
Un ited States 
DeMaris,  P. J . ,  R .  A. Bauer .  Geology of a Longwal l  
M in ing Demonstration at  Old Ben No . 24:  Roof 
Lithologies and  Coal Ba l ls .  I N :  Proceedings I l l inois 
M in i ng  I nstitute 85th An nua l  Meeting ,  October 
1 3- 1 4, 1 977 ,  Springfie ld,  I L. 
A longwal l  m in ing  demonstration in the Herrin 
Coal involved the extraction of th ree adjacent 
pane ls  by the longwal l  method . The ISGS was 
i nvolved in the project for two reasons : ( 1 )  to deta i l  
the geology of the roof and  relate the geologic 
features to the behavior of the roof du ring m in ing  
operations,  and  (2 )  to  study the nature and occu r­
ren ce of coal bal ls (carbonate petrifications of peat} 
encou ntered during this demonstration . 
Keyword (s} : coa l m in ing ,  longwal l ,  geologic 
features, roof stabi l ity, active mines 
Location (s) : I l l i nois,  I l l inois Coal Bas in ,  Un ited 
States 
DeMaris , P. J . ,  R. A. Bau er .  Geology of a Longwal l  
M i n i n g  Demonstration a t  O ld Ben N o .  2 4 :  Roof 
Lithologies and  Coal Ba l ls . I l l i nois State Geological 
Su rvey Reprint 1 978-J , 1 978 ,  Reprinted from 
Proceedings of I l l ino is M in ing  Institute, 1 977,  v. 85 ,  
p .  80-9 1 .  
Keyword (s) : longwal l ,  roof stabi l ity, geologic 
featu res, coal m in ing  
Location (s) : I l l i nois, I l l ino is Coa l  Bas in ,  Un ited 
States 
DeMaris,  P. J . ,  R. A. Bauer, R. A. Cah i l l ,  H. H .  
Damberger .  G eologic I nvestigation of Roof and 
F loor  Strata : Longwa l l  Demonstration ,  O ld Ben Mine  
No .  24 .  Prediction of  Coa l  Ba l ls  in the Herrin Coa l .  
F ina l  Tech n ica l  Report, Part 2 .  I l l i no is State 
G eological  Su rvey Contract/Grant Report C/G 
1 983-2,  1 983,  69 p. ( NTIS DE83-0 1 1 4 1 4) 
Coal-ba l l  areas, large deposits of minera l ized 
peat in  the coal seam,  obstructed longwal l  m in ing  in 
the Herrin Coal at Old Ben Mine  No .  24.  I n -mine 
mapping located coa l  ba l ls  under transitiona l  roof, 
areas where the roof l ithology a lternates between 
the Energy Sha le and the Anna  Shale/Brereton 
Limestone .  Specifical ly, coal bal ls occu r u nder 
eroded exposu res or "windows11 of the marine 
Anna Shale/Brereton Limestone in the Energy Sha le .  
Keyword (s ) :  roof stab i l ity, floor stab i l ity, 
longwal l ,  geologic features, coal m in i ng  
Location (s) : I l l i nois, I l l i nois Coal Bas in , Un ited 
States 
DeMaris, P. J . ,  R. A. Bauer .  I dentification of M ine  
Subsidence on  Aerial Photographs in Centra l I l l i no is .  
I l l i nois State Geological  Su rvey Contract/G rant 
Report, C/G 1 983-7, 1 983, 3 1  p .  
This report evaluates the use o f  stereo pa i rs of 
aerial photography over and in the vicin ity of a coal 
mine for the detection of su bsidence due to u nder­
ground coa l m in ing  in a g laciated area of central 
I l l i no is .  The study area chosen was exam ined on 1 1  
sets of imagery taken between 1 939  and 1 97 7 .  A 
number of s ites where subsidence was previously 
documented are visible on the photos and were 
used for comparison with other anomal ies fou nd on 
the photos . 
Keyword (s) : photography, surface subsidence 
damage, coal m in ing, geologic featu res 
Location (s) : I l l inois, I l l i nois Coal Bas in ,  Un ited 
States 
Denkhaus,  H .  G .  A Critica l Review of the Present 
State of Knowledge Related to the Strength of M ine  
Pi l lars .  Journa l  of  the  South African I nstitute of  
M in ing  and  Meta l lu rgy, v .  63 , 1 962,  p .  59-7 5 .  
Th is paper summarizes knowledge concern ing  
mine p i l lars as  in -place su pport .  The author d is­
cusses p i l lar  loading,  spacing,  size, shape,  and  
resu lt ing pi l lar strength . The  article inc ludes a 
discussion of resu lts and their appl ications i n  
practical m in i ng  problems . 
Keyword (s) : p i l lar  strength 
Location (s) : South Africa 
Denkhaus, H. G .  Critical Review of Strata 
Movement Theories and Their Appl ications to 
Practical Problems.  Journal  of the South African 
I nstitute of Min ing  and Meta l l u rgy, March , 1 964, p .  
3 1 0-332 .  
This paper i s  a n  attempt to review the various  
theories of  strata movement and stabi l ity that  h ave 
been propounded and to assess their  practical 
sign ificance . With a view to the variety of such 
theories, the survey cannot c la im completeness, but  
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the author is of the opin ion that a l l  the th reories can 
be grou ped into th ree major categories, namely the 
dome theories, the trough theories, and the con­
t in u u m  theories . 
Keyword (s) : prediction theories, mode l ing 
Department of  the Envi ronment.  Rec lamation of 
Dere l ict Lan d :  Procedu re for Locatin g  Aban doned 
Mine Shafts . P lann ing ,  Reg iona l  and Minerals 
D i rectorate, London,  1 97 6 .  
Keyword (s) : reclamation ,  abandoned m ines, 
land-use plann ing  
Location (s ) : Eng land 
Department of  the Envi ronment.  Limestone M ines in 
the West Mid lands : The Legacy of Mines Long  
Abandoned . Department of  the  Environment, Ju ly, 
1 983 . 
Keyword (s) : n on-meta l m in ing ,  abandoned 
mines 
Location (s) : Eng land 
Dershowitz , W. ,  I .  Mi l ler .  Practical ity and Soph is­
tication in  S u bsidence Model ing for Geothermal 
Systems .  I N :  Proceedings 22nd U . S .  Rock 
Mechan ics Sympos ium,  Massachusetts I nstitute 
of Techn ology, Boston ,  1 98 1 ,  p .  1 3 1 - 1 36 .  
Keyword (s) : mode l ing ,  rock mechan ics 
Location (s ) :  L)n ited States 
Deutscher Verband  Fuer Wasserwirtschaft, E .V .  
Proceed ings I nternationa l  Sympos ium on Foss i l  Fuel  
Production and Water Resou rces . Duesseldorf, 
Federa l  Repu bl ic of Germany, September, 1 976,  
470 p .  
Keyword (s ) :  hydrology, coa l  m in ing  
Devis,  R .  S .  Hydrau l ic Packin g  at  Ba l larpur  Col l i�ry . 
Transactions Mine Geology I nstitute of I nd ia,  v. 1 0, 
pt . 2 ,  1 9 1 6, 53 p .  
Keyword (s ) :  hydra u l ic  backfi l l i ng ,  stowing,  coal 
m in ing ,  h istorical 
Location (s) : I nd ia 
Dhar, B .  B . ,  S .  Ratan ,  C .  Amarendra .  Environmental 
I mpact as  a Resu lt of Large Underground Exca­
vations--A Model ing Approach . I N :  Proceed ings 
I nternationa l  Sympos ium on  Large Rock Caverns, 
Hels inki ,  August 25-28, 1 986,  Pergamon Press, v.  
1 ,  1 986,  p.  7 7 1 -78 2 .  
M i n e  workin gs h ave been s imu lated in  a n  
electric tank  ana logue,  a n d  closu re distributions 
ca lcu lated from the voltage d istributions as found in  
the ana logue .  Su rface subsidences have been 
determined us ing a n umerical mode l .  Predicted and  
measured subsidences above two I nd ian coal m ines 
are compared . A n umber of additiona l  m in ing  and 
geological factors that shou ld be i ncorporated into 
the ana lysis of subsidence to improve its accu racy 
are examined.  
Keyword (s) : model in g ,  pred iction , geologic 
featu res, environ ment, coal m in ing  
Location (s) : I ndia 
Dhar, B .  B. ,  B .  K .  Sh rivastava, S.  K.  G u pta . Effect 
of Staggering of Longwal l  Panels in Contiguous 
Seams--A FEM Approach . I N :  Proceedings,  
I nternationa l  Sympos ium on Undergrou nd 
Eng ineering ,  New Delh i ,  I nd ia ,  Apr i l  1 4- 1 7 , 1 98 8 ,  
B .  S i n g h ,  ed . ,  Balkema, Rotterdam ,  p .  1 95- 1 98 .  
Min ing  of contiguous seams h as a lways been a 
problem, because extraction of one seam affects 
the extraction of the other .  The design of such 
workings has forced min ing eng ineers to look for 
effective conservation with safety . General practice 
h as been that with flat or s l ightly d ippp ing seams,  
the p i l lars/panels are designed in  such a way that 
they are vertica l ly above each other .  To 
demonstrate the effect of staggering  panels,  a F E M  
program h a s  been developed and u sed for the 
present ana lysis . Th ree d ifferent cases of 
contiguous workings were considered for 
s imu lation . In case one, excavations are assu med to 
be one above the other, whi le in the second and 
th ird cases they are assu med to  be  staggered . The 
ana lysis has shown that the staggering  of  panels 
adversely affects the stabi l ity of parting  p i l lar  and 
the coal  seam ahead of the face . The resu lts th u s  
demonstrate that whi le design ing  contiguous seam 
workings,  a mathematical s imu lation based on F E M  
principles i s  poss ible for safe extraction design of 
such coal seams.  
Keyword (s) :  f in ite element, mathematical 
model, modeli ng ,  mu ltip le-seam extraction , 
longwal l ,  coal m in ing  
Location (s) : I ndia 
Di Molfetta, A.,  G .  P .  G i an i .  N umerical Model of 
Subsidence Phenomena Due to M in i ng  Explo itation . 
I N :  Proceedings I nternationa l  Symposium on 
Eng ineering  in Complex Rock Formations, November 
3-7,  1 986,  Beij i ng ,  Ch ina ,  Pergamon Press .  
A numerical model for  subsidence phenomena 
forecasting is presented . The su bsidence is  caused 
by min ing exploitations, characterized by from both 
underground excavation and dewaterin g .  The model 
studies separate the dewater ing and the mechan ica l 
behavior. The dewatering study is examined with 
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an  ana lytical  model that examines th is  phe­
nomenon,  obta in ing  the lowering of the piezometric 
heads,  on the basis of water flow pumped and vice 
versa . The su bsidence study examines, with the 
f in ite e lement method, the surface settlements on 
the basis of the dewatering and the u nderground 
excavation solutions .  
Keyword (s) : model i ng ,  subsurface water, f in ite 
element, hydrology 
Location (s) :  Italy 
Dia ls ,  G .  S u bsidence Control-Underground Mines .  
Preprint  79-83,  for presentation a t  S M E-AI M E  Fal l  
Meeting ,  New Orleans,  LA, February 1 8-22,  1 979 ,  
2 p .  
Keyword (s) :  g round control 
D ick inson,  J .  Su bsidence Due to Col l iery Workings .  
Transactions,  Manchester Geological Society, 
London,  v. 25 ,  1 89 8 ,  p. 600. 
Keyword (s) :  coal  m in ing ,  h istorical 
Dierks, H .  A. Pneu matic Stowage.  Coa l Age, v. 36,  
no .  9 ,  September, 1 93 1 ,  p .  466 . 
Th is a rticle deta i ls  the development of two 
types ( low pressu re and h igh  pressu re} of 
pneumatic stowage systems in Germany as an 
a lternative to hydrau l ic backfi l l i ng of  active mines .  
Keyword (s} : stowing ,  pneu matic backfi l l i ng ,  
active m ines 
Location (s) : Germany 
Dierks, H. A. Hydrau l ic Backfi l l i ng  as Europe 
Practices I t .  Coal Age, v .  36, no.  7 ,  1 93 1 ,  p. 3 5 1 .  
Th is  article conta ins a brief background of 
hydra u l ic backfi l l i ng  as developed in the Un ited 
States . It describes hydrau l ic backfi l l i ng as 
conducted in Eu rope . 
Keyword (s} : hydrau l ic backfi l l i ng 
Location (s ) :  Un ited States, Europe 
Dierks, H. A. Pneu matic Stowage Makes Rapid 
Strides in M ines in  Germany.  Coa l Age, v .  36, no. 
9,  September, 1 93 1 ,  p.  466 .  
Keyword (s} : pneu matic backfi l l i ng ,  stowin g  
Location (s) : Germany 
Dierks, H. A .  Backfi l l i ng  Permits Recovery of 
Abandoned P i l lars Wli i le  Preserving S u rface 
I m provements . Coa l Age, v. 38 ,  no .  8, August, 
1 933 ,  p. 255-258 . 
Th is article describes the use of hydrau l ic 
f lush i ng  in  a mine in  Scranton,  Pennsylvan ia ,  as a 
means of permitting  complete robbing of two coal 
seams that had been previously mined out. 
Keyword (s) :  hydrau l ic backfi l l i ng ,  surface 
structu ral damage, abandoned mines, room-and­
pi l lar, mu ltiple-seam extraction , p i l lar  extraction , 
coal m in ing  
Location (s ) :  Pen nsylvan ia, Appalach ian  Coal 
Region , Un ited States 
Dimova, V. I .  I nf luence of Su rface Load on the 
Equati<;>n of Mine Subsidence . Di rect and I nverse 
Problems.  I N :  Proceedings 6th I nternationa l  
Congress I nternationa l  Association of Eng ineer ing 
Geology, Amsterdam, August 6- 1 0, 1 990, v .  4, 
Ba lkema, Rotterdam, p.  2645-2649 . 
Underground excavations and surface 
structu res distu rb the in it ial state of the host rock 
mass, and their influences may interact if both a re 
present. The case for an idea l ized homogeneous 
med ium is examined . The effect of  a su rface load 
on the equation of the subsidence trough  above a 
mine,  and correct design of an underground 
structure so  as  not to  interfere with a su per­
i ncumbent surface structure are considered ; 
Nu merica l and ana lytica l  solutions to th ese 
problems are described . 
Keyword (s) :  su rface structu ra l  damage, m ine  
des ign,  model i ng,  eng ineering 
Dinsdale, J .  R .  Roof Fracturin g .  Col l iery 
Eng ineering ,  v. 1 0, 1 933,  p .  1 6 1 - 1 64, 1 68 .  
This article i s  a mathematical d iscussion of 
stresses in and fa i l u re of a roof beam; it considers 
the roof as a beam su pported at both ends .  
Keyword (s) :  roof stabi l ity 
Dinsdale,  J .  R. G round Pressu re and Pressu re 
Profi les Around Min ing Excavations .  Col l iery 
Eng ineering,  v .  1 2 , 1 935,  p .  406-409; v .  1 3 , 1 936 ,  
p .  1 9-20, 27 . 
Keyword (s) : roof stabi l ity 
Dinsdale, J .  R. Ground Fa i lure Around Excavations .  
I nstitution of Min ing and Meta l l u rgy Transactions,  
1 937,  V .  46,  1 936-37, p .  673-70 1 . 
Keyword (s ) :  grou nd control 
Dismuke,  S .  R . ,  D. E. N icholas, P. F. Cicch i n i .  Pi l lar  
Recovery at  the Bu ick Mine .  I N :  Mine Su bsidence, 
Society of Min ing Engineers Fal l  Meeting ,  St .  Lou is ,  
MO, September, 1 986, M . M .  S ingh ,  ed . ,  S M E, 
Littleton ,  CO, p .  1 3 1  - 1 43 .  
This paper describes a p i l lar  recovery program,  
conducted in a lead and zinc  ore mine, wh ich 
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a l lowed the company to better regu late the grade of 
ore produced . One constra int on pi l lar recovery was 
that a sha le could not be d istu rbed to the point that 
aqu ifers above it m ight be affected . 
Keyword (s) : metal m in ing ,  partia l  extraction , 
f in ite e lement, lab testing ,  rock mechan ics, 
subsurface water 
Location (s) : M issour i ,  Un ited States 
Dixon ,  D. Y. ,  H .  W. Rauch . Study of Quantitative 
I mpacts to G round Water Associated with Longwal l  
Coal Min ing at Th ree Mine  Sites in  the Northern 
West Virg i n ia Area . I N :  Proceedings 7th 
I nternationa l  Conference on G round Control in 
M in i ng ,  August 3-5, 1 98 8 ,  S .S .  Peng, ed . ,  West 
Virg in ia  Un iversity, Morgantown , p .  32 1 -335 . 
The objectives of th is study were to document 
the hydrologic impacts of longwal l  min ing on 
g roundwater, identify the factors affecting  the 
extent of dewateri ng ,  and develop empirical  trends 
to predict the extent  of dewatering and recovery in 
advance of m in i ng .  The study was confined to th ree 
m ine  s ites in north -central West Virg in ia .  At each 
s ite, avai lab le g roundwater supp l ies were identified 
and mon itored for dewateri ng  effects and recovery . 
Keyword (s) : subsurface water, longwal l ,  
hydrology, pred iction,  overburden,  coa l  m in ing ,  
active m ines 
Location (s) : West Virg in ia ,  Pennsylvan ia ,  
Appa lach ian Coa l Reg ion,  Un ited States 
Dixon , D. Y. A Study of Dewater ing Effects at 
Three Lon gwal l  M ines in  the Northern Appalach ian 
Coal F iel d .  M . S .  thesis, Department of Geology and 
G eography, West Virg in ia Univers ity, Morgantown, 
1 98 8 ,  250 p .  
Keyword (s) : subsurface water, longwal l ,  coal 
m in i ng ,  hydrology, active mines, geologic features 
Location (s) : West Virg i n ia,  Appalach ian Coal 
Region , Un ited States 
Dixon , D. Y. ,  H .  W .  Rauch . The I mpact of Th ree 
Longwa l l  Coal M ines on Streamflow in the 
Appalach ian Coalfield . I N :  Proceedings 9th 
I nternationa l  Conference on G round Control in 
M in i ng ,  June  4-6,  1 990, S .S .  Peng,  ed . ,  West 
Virg in ia  Un ivers ity, Morgantown , p. 1 69- 1 8 2 .  
T h e  objectives o f  this study were to docu ment 
the hydrologic impacts of longwa l l  m in ing  on 
streams, identify the factors affect ing the extent of 
stream dewatering ,  and develop empir ical trends to 
predict the extent of dewatering and recovery of 
streams in advance of m in i ng .  
--
Keyword (s) :  longwal l ,  hydrology, su rface water, 
coa l min ing,  inflow 
Location (s ) :  West Vi rgin ia ,  Appalach ian  Coal 
Reg ion , Un ited States 
Dixon,  J .  C . ,  K .  B. Clarke. Field I nvestigation 
Techn iques .  I N :  S ite I nvestigations in Areas of 
Min ing  Subsidence,  F . G .  Bel l ,  ed . ,  Newnes­
Butterworths, London,  1 975,  p. 40-74.  
I n  dea l ing with geotechn ical problems in  a reas 
of min ing  su bsidence, it is  axiomatic that the more 
that is known about the soi l  and  rock profi le 
affected by the min ing  operations the easier wil l  be 
the solution of the problem . This chapter sets out 
the cu rrent f ie ld procedures i n  su bsu rface ex­
ploration in the widest sense and inc ludes methods 
of exploring  below the ground su rface by d i rect, 
semi-direct, and ind i rect means; the variou s  types 
of sample that can be obta ined;  and the ran ge of in 
situ tests that may be carried out .  
Keyword (s) :  i n  s itu testing ,  geologic features, 
geotech nica l ,  rock mechan ics, subsurface water, 
coal m in ing ,  mon itoring  methods 
Location (s) :  Un ited Kingdom 
Dixon,  J .  D. ,  M . A.  Mahtab, T .  W. Smelser.  
Procedures for Determin ing  Support of Excavations 
in H igh ly Yie ld ing Grou nd . U .S .  Bu reau of M ines R I  
8990, 1 985 ,  1 9  p .  
Th is report for  stabi l i zation of excavations i n  
h igh ly yield ing ground involves non l inear  model i ng  
of  the  progressive relaxation of  the zones of  rock 
mass arou nd the excavations where Cou lomb 
criterion of fa i l u re is  exceeded . Stresses are 
calcu lated by us ing a computer code. The approach 
is appl ied to ana lysis of stabi l ity and su pport 
requ irements for an entry in a longwal l  coa l  m ine .  
Keyword (s) :  longwa l l ,  ground control ,  model ing ,  
mathematical model, computer, rock mechan ics, 
roof support, mine design ,  fin ite element, coal 
m in ing  
Location (s) :  Un ited States 
Dixon , J .  S .  Some Notes on S u bsidence and Draw. 
Transactions,  Min ing  I nstitute of Scotland,  v .  7 ,  
1 885,  p .  224-233 . 
The author made observations at Bent Col l iery 
on the amount and mode of occu rrence of 
subsidence and draw from working  the coa l .  The 
excavation averaged 5 .5 feet in he ight .  
Keyword (s) :  h istorica l ,  ang le of draw, coa l 
m in ing ,  su rvey methods 
Location (s) :  Un ited Kingdom 
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Djahangu iri , F .  Rock Mechan ics for a Lon gwal l  M ine 
Design ;  Carbon Cou nty Coa l  Company. IN :  En ergy 
Resou rces and Excavation Technology, Proceedings 
1 8th U . S .  Sympos ium on Rock Mechan ics, 
Keystone, CO, June  22-24, 1 977,  F-D .  Wang and 
G . B .  C lark, eds . ,  Colorado School of  Mines Press, 
p. 1 C5- 1 - 1 C5- 1 2 . 
Th is  paper presents the pre-development rock 
mechan ics study for u nderground min ing  of a th ick 
coal  sea m .  This study inc ludes the geotechn ical 
investigation and test ing of coal and coal measure 
rocks for the proposed mine site . Extensive u n iaxia l ,  
tr iaxia l ,  shear, Braz i l ia n ,  and po int  tension tests 
produced information about the rock substance and 
rock mass properties of  the area . The geotech n ical  
s ite investigation furn ished information about 
structural geology, jo int patterns and orientation of 
structu ral featu res . G eophysical boreh ole logging  
a n d  seismic  relfection contributed to  th is  study. 
Keyword (s ) :  rock mechan ics, longwal l ,  coa l 
m in i ng ,  geotech n ica l ,  l ab  testing ,  geologic features, 
m ine  design ,  floor stabi l ity, p i l lar  strength 
Location (s ) : Wyoming,  Rocky Mounta in  Coal 
Reg ion ,  Un ited States 
Dobbels, D . ,  G .  G .  Marino, J .  W. Mahar .  Mine 
S ubsidence at the Pistor Residence, Bel levi l le,  
I l l i no is . Report for the Abandoned Mined Lands 
Reclamation Counci l ,  1 985,  50 p.  
Keyword (s ) :  surface structura l damage, 
a bandoned mines, coa l min ing 
Location (s ) :  I l l ino is, I l l inois Coal  Bas in ,  Un ited 
States 
Dobson , W. D . ,  E. L. J. Potts, R. G .  S. Roberts, K. 
Wi lson . S u rface and Underground Development at 
Peterlee, Co. Durham . Col l iery G uardian , pt . 1 , v. 
1 98 ,  no. 5 1 27,  June  4, 1 959,  p .  69 1 -697;  pt. 2, 
v .  1 98 ,  no. 5 1 28 ,  June  1 1 , 1 959 ,  p .  723-730.  
The n ew town of Peterlee is un ique,  in  that it is  
being  developed i n  a coa l min ing area i n  wh ich 
about  30  mi l l ion tons of coal are sti l l  being m ined .  
The town was fi rst suggested in  an attem pt to 
resolve a hous ing demand .  Clearly, both surface 
and u n derground interests had to be considered . 
Certa in  basic pri ncip les were agreed for use in the 
su rface and min ing  development in the design ated 
area . Those were ( 1 )  that the major subsidence 
effects wou ld  take place with in 5 years of ex­
traction and (2 )  that the subsidence effects would 
extend  beyond the working area to a d istance equa l  
to one-th ird of the depth to the seam,  except under 
specia l  c i rcumstances . The Nationa l  Coal Board a lso 
agreed to steri l ize  about 1 mi l l ion tons of coal 
beneath an area reserved for the town center.  
Keyword (s) :  land-use p lann ing ,  coa l m in i ng ,  
National  Coal Board, longwal l ,  ang le of  draw, 
vertical d isplacement, horizontal d isp lacement, 
survey data processing,  surface structu ra l damage,  
structu ra l m itigation , roads, ut i l it ies, p ipel i nes 
Location (s} : Un ited Kingdom 
Dobson,  W.  D.,  E .  L .  Potts, R .  G. S. Roberts, K.  
Wi lson . The Coord ination of Su rface and Under­
ground Development at Peterlee, Co . ,  Durh a m .  
Transactions I nstitute of M in ing  Eng ineeri ng ,  
London , v .  1 1 9 , 1 959-60, p .  279-300. 
This paper describes the resu lts of su bsidence 
su rvey research performed in 1 958  in Durh a m ,  
Eng land,  with mon itoring network design a n d  
surface/u nderground development procedu res a lso 
inc luded . The work was u ndertaken to provide 
information for the bu i ld ing and design of su rface 
structu res in an area where coal contin ues to be 
worked . The coord ination of surface and under­
ground development by "time phas ing"  and the 
close cooperation between surface and u n derground  
plan n ing  i s  described, together with certa in  specia l  
precautions incorporated into the desig n  of  h ous ing  
and pub l ic  uti l ities to  serve a town that  wi l l  h ouse 
30,000 people when completed . Reference is a lso 
made to the design of factory bu i ld ings in the 
industria l  area . 
Keyword (s ) :  surface structural damage, m ine  
design ,  mon itoring design ,  monitor ing methods, 
survey methods, su rvey design , active m ines ,  coa l 
min ing,  land-use plann ing ,  structu ral m itigation ,  
uti l ities, construction , fou ndations 
Location (s) : England 
Domenico, P . A . ,  M .  D .  M iffl in . Water From Low­
Permeabi l ity Sediments and Land  S u bsidence . 
Water Resou rce Research , v .  1 ,  1 965,  p .  563-56 7 .  
Keyword (s) : fl u id extraction ,  hydrology 
Domen ico, P . A . ,  M .  D. Miffl i n ,  A. L .  M ind l in g .  
Geologic Controls o n  Land Su bsidence in  Las Vegas 
Val ley.  I N :  Proceedings 4th An nua l  Eng ineering  
Geology and Soi ls Engineering  Symposiu m,  
Moscow, I D, 1 966, Idaho Department of  H ighways, 
Boise, p. 1 1 3- 1 2 1 . 
Keyword (s) :  fl u id extraction , geologic featu res 
Location (s) : Un ited States 
Domenico, P . A .  Land Su bsidence in Las Vegas 
Va l ley, Nevada . Geological Society of America 
Specia l  Paper 1 0 1 (abstract) , 1 968 ,  p. 5 5 .  
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Keyword (s) : flu id extraction 
Location (s) : Nevada, Un ited States 
Doney, E .  D. Birth of a Longwa ll-- i n it ial  Plann ing  to 
Post-Su bsidence M itigation .  I N :  Proceedings, 3 rd 
Conference on G round Control Problems in the 
I l l ino is  Coal Bas i n ,  Mt. Vernon,  I L, August 8- 1 0,  
1 990,  Y. P .  C h u g h ,  ed . ,  Southern I l l ino is Un iversity, 
Carbondale,  p. 2 20-226 .  
The fi rst longwal l  m in i ng  system at  Kerr­
McGee 1 s  Ga latia M ine  was implemented on May 3 ,  
1 9 8 9 .  Start-u p  o f  t h e  longwal l  face represented the 
successfu l  conclus ion of an  effort begun  nearly 4 
years earl ier .  Th is paper presents a case h istory of 
the processes that led to the implementation of the 
longwal l ,  and the su bsequent m in ing  of the f irst 
7 ,900-foot- long panel . 
Keyword (s) : coal m in ing ,  longwa l l ,  m ine design ,  
l and  mit igation , m ine  operation , mu ltip le-seam 
extraction , economics, active mines 
Location (s) :  I l l inois,  I l l i nois Coal Basin ,  Un ited 
States 
Doney, E. D. Birth of a Longwa l l -- l n itia l  Plan n ing  to 
Post-Su bsidence M itigation . I N :  Proceedings 9th 
Internationa l  Conference on Ground Control in 
M in ing ,  June 4-6, 1 990, S .S .  Peng ,  ed . ,  West 
Virg in ia  Un iversity, Morgantown , p. 298-302.  
Th is paper presents a case h istory of  the 
processes that  led to the implementation of  a 
longwal l  at the Kerr-McGee Coal Corporation ' s  
G alatia M ine .  
Keyword (s) : longwal l ,  coal m in ing ,  active 
m ines,  mine design 
Location (s) : I l l ino is,  I l l inois Coal Basin ,  Un ited 
States 
Doney, E. D . ,  S .  S .  Peng ,  Y. Luo .  Subsidence 
Pred iction in I l l i nois Coal Bas in . I N :  Proceed ings 
1 0th Internationa l  Conference on G round Control in  
Min ing ,  June  1 0- 1 2 , 1 99 1 ,  West Virg in ia 
Un iversity, Morgantown , p .  2 1 2-2 1 9 . 
Based on the su bsidence data col lected through 
a comprehensive su bsidence mon itor ing program 
conducted over two longwal l  panels i n  an I l l ino is 
coal  mine,  mathematical models have been pro­
posed for predicting  fina l  and dynamic su bsidence 
in  the I l l i nois Coal Basin . 
Keyword (s) : prediction ,  coa l m in ing ,  mon itor ing 
methods, active mines, math ematica l model, 
longwal l  
Location (s) : I l l i nois,  I l l i nois Coal Basin , Un ited 
States 
Donner, D .  Federa l Reclamation Projects Branch 
F isca l  Year 1 985 Objectives . I N :  Proceedings 
Conference on Coal  Mine Su bsidence i n  the Rocky 
Mou nta in  Region,  Colorado S prings,  October 28-30, 
1 985 ,  J . L. Hynes, ed . ,  Colorado Geological  S u rvey 
Special Publ ication 3 1 ,  Department of Natural 
Resou rces, Denver, 1 986,  p. 1 5- 1 8 . 
This paper identifies the steps necessary to 
establ ish a more efficient and effective program for 
the abatement of coal mine related environ mental 
problems . 
Keyword (s) :  reclamation , envi ron ment, 
abandoned mines, coal m in ing  
Location (s) :  Colorado, Montana ,  Rocky 
Mounta in  Coal Reg ion,  Un ited States 
Donner, D. L . ,  R. H .  Wha ite . I nvestigation of 
Subsidence in Rock Springs,  Sweetwater Cou nty, 
Wyoming . Unpu bl ished O pen-F i le Report, 1 969 ,  
U .S . Bureau of  M ines, Washington,  D .C . ,  1 4  p .  
Keyword (s) :  coal m in ing ,  abandoned mines 
Location (s) :  Wyoming ,  Rocky Mounta in  Coal 
Reg ion,  Un ited States 
Dortmund  Board of Mines .  On the I n fl uence of Coal  
Mines Under Marl Capping Upon the Earth ' s  S u rface 
in the Dortmund District . Zeit fur das Berg Hutten 
und Sa l inen Wesen,  v .  45, 1 897 ,  p. 3 7 2 .  
Keyword (s) :  coal m in ing ,  geologic features, 
overbu rden , h istorica l 
Location (s) : Germany 
Datt, G. Pneumatic Stowing  in  the Wemyss Coal 
Field . Col l iery Engineering ,  v .  1 6, 1 939 ,  p .  
26 1 -265 . 
The author describes advantages of th is method 
in a mine that had problems of steep gradient and 
frequent f ires . 
Keyword (s) : coal m in ing ,  pneu matic backfi l l i ng ,  
mine f ires, geologic featu res 
Location (s) : Eng land 
Dougherty, P .  H . ,  M.  Perlow. The Macungie 
S inkhole, Leh igh  Val ley, Pen nsylvan i a :  Cause and 
Repa i r .  I N :  Karst Hydrogeology: Eng ineering and 
Environmental Appl ications, Proceedings, 2nd 
Multid isc ip l inary Conference on S inkh oles and the 
Envi ronmenta l  I mpacts of Karst, Orlando,  1 987 ,  
B . F .  Beck and W . L. Wi lson, eds . ,  Balkema ,  
Rotterdam,  p .  425-43 5 .  
Keyword (s ) :  geolog ic features 
Location (s) :  Pen nsylvan ia ,  Un ited States 
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Dowding ,  C .  H . , M .  B .  S u ,  K. O ' Connor.  Choosing  
Coaxia l  Cab le  for TOR Mon itoring . IN :  Proceedings 
2nd Workshop on Su rface Su bsidence due to 
Underground  Min ing ,  Morgantown,  WV, June  9- 1 1 ,  
1 986 ,  S . S .  Peng ,  ed . ,  West Virg in ia Un ivers ity, p .  
1 53- 1 62 . 
Th is  paper presents recommendations for 
choos ing  coaxia l  cables appropriate for m in ing  
appl ications of  T ime Domain Reflectometry (TOR)  to 
mon itor rock mass movements . M in ing  appl ications 
are i l l ustrated with examples, and the operat ing 
pri ncip le of TOR is d iscussed briefly . I tems that 
affect the resu lt of the mon itori ng  system 
performance inc lude the coaxial cable selected, the 
groutin g  materia l  used,  and the instal lation 
procedu re .  
Keyword (s) : mon itori ng  equ ipment, monitoring 
insta l lation , i nstru mentation 
Dowding,  C. H . ,  M .  B .  Su, K. O ' Connor .  Princip les 
of Time Doma in  Reflectometry Appl ied to 
Measurement of Rock Mass Deformation . 
I nternationa l  Journa l  of Rock Mechan ics and Min ing  
Sc iences & Geomechan ics Abstracts, v .  25 ,  n o .  5 ,  
1 98 8 ,  p .  2 8 7-2 9 7 .  
Time Domain Reflectometry (TOR)  i s  a n  
electrica l  pu lse test ing techn ique orig ina l ly 
developed to locate fau lts in coaxial  power 
transmission cables . Recently, th is tech n ique  h as 
been adapted for mon itori ng  deformation of cables 
grouted into rock masses . Rock mass movements 
deform the g routed cable, which local ly changes 
cable capacitance and thereby the reflected wave 
form of the voltage pu lse .  By mon itoring changes in  
these reflection signatu res, it is possible to mon itor 
both local extens ion and local sheari ng .  This paper 
concentrates on the electromagnetic wave theory 
necessary to quantitatively relate changes i n  cable 
geometry to changes in  reflected voltage sig­
n atures. A fin ite element model is employed to 
n u merica lly s imu late capacitance changes for 
deformed geometries produced in the laboratory, 
and the effect of sig na l  attentuation and resolution 
of two deform ities is assessed on the basis of 
laboratory test resu lts . F ina l ly these models are 
employed to extract heretofore unreal ized 
information from previous ly co l lected field data . 
Keyword (s) : mon itoring equ ipment, 
instru mentation , mon itoring methods, fin ite 
e lement, model ing,  longwal l ,  coal m in ing  
Location (s) : I l l i nois,  I l l i nois Coal Basin ,  Un ited 
States 
Dowding,  C .  H . ,  M .  8 .  Su ,  K. O ' Connor .  
Measurement of  Rock Mass Deformation with 
G routed Coaxia l  Antenna Cables . Rock Mechan ics 
and Rock Eng ineering ,  v .  22, no. 1 ,  January-March ,  
1 989 ,  p .  1 -23 . 
Tech niques presented show how reflected 
voltage pu lses from coaxial  anten na cable grouted 
in rock masses can be employed to quantify the 
type and magn itude of rock mass deformation . Th is 
measurement is s imi lar  to that obta ined from a 
combined fu l l  profi le extensometer and 
inc l inometer .  Rock mass movements deform the  
grouted cable, wh ich  loca l ly changes cable 
capacitance, and thereby the reflected wave form 
of the voltage pu lse . Thus,  by mon itoring changes 
in these reflection s ignatures, it is possible  to 
mon itor rock mass deformation . 
Keyword (s) :  mon itoring equ ipment, mon itorin g  
methods, rock mechan ics, i nstrumentation ,  lab  
test ing, longwal l ,  coa l  m in ing  
Location (s) : I l l i nois,  I l l i nois Coal Bas in ,  Un ited 
States 
Down , C. G . ,  J .  Stocks . Subsidence . I N :  
Envi ronmenta l  I mpact of M in ing ,  Halsted Press, 
John Wi ley & Sons, New York, 1 977,  p .  3 1 1 -335 . 
The d iscussion in th is chapter was oriented 
towards stratified deposits and particu larly the 
European coalfie lds, s ince most of the ava i lab le 
data perta ined to th is type of m in i ng .  
Keyword (s) : environ ment, land-use p lann ing ,  
prediction , roof stabi l ity, m ultiple-seam extraction , 
empirical model , profi le fu nction ,  inf luence fu n ction , 
surface structu ra l  damage, room-and-p i l la r, coa l 
min ing 
Location (s) : Un ited Kin gdom, Europe 
Draper, J. C. Surface Movement in  the Vicin ity of 
P i l lars Left in G ob Areas . S M E-AI M E  An nua l  
Meeting ,  New York, 1 964, SME A I M E  Preprint 
64FM3, 1 9  p. 
This paper describes the resu lts of surface 
surveys of su bsidence above and adjacent to coal  
p i l lars left to protect th ree gas wel ls .  
Keyword (s ) :  mine waste, p i l l a r  strength , 
horizontal d isplacement, vertica l d isp lacement, 
uti l ities, su rvey data process ing ,  survey methods 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Drent, S .  Some Considerations on the Connection 
Between Time-Cu rves and the Thickness of the 
Noncarbon iferous Overbu rden in the South Limburg 
Coal Field . I N :  Proceedings Eu ropean Congress on 
1 00 
G round  Movement, Leeds, Eng land,  1 957 ,  p .  
49-5 7 . 
Keyword (s) : overburden , t ime factor, coa l 
m in i ng ,  geologic features 
Drent, S .  Time-Curves and the Th ickness of 
Overlyin g  Strata . Col l iery Engineering ,  v. 34, no .  
40 1 ,  J u ly, 1 975 ,  p .  27 1 -2 7 8 .  
Th is paper describes t h e  non-carbon iferous  
overlyin g  strata i n  the South Limburg coa lfie ld . 
Keyword (s) :  horizonta l  d isplacement, t ime 
factor, coal m in i ng ,  overburden 
Dru m m ,  E. C . ,  R. M .  Bennett, W. F. Kane .  
Mechan isms of  S u bsidence I nduced Damage and  
Tech n iques for Ana lysis .  IN :  M ine  I nduced 
S ubsidence : Effects on Eng ineered Structures, 
Proceed ings of the Symposium,  Nashvi l le,  TN, May 
1 1 , 1 988 ,  ASCE G eotechn ical Special  Publ ication 
No .  1 9 , p. 1 68- 1 88 .  
Structural damage due to m in ing- induced 
subsidence is  a function of the n ature of the 
structure and its position on the su bsidence profi le . 
A point on the profi le may be in the tensi le zone, 
the compressive zone, or the no-deformation zone 
at the bottom of the profi l e .  Damage to structu res 
in the tension zone is primari ly due  to a reduction of 
support d u ri ng  vertical d isplacement of the ground 
su rface, as wel l as shear  stresses between the  soi l  
and structure resu lti ng from horizontal dis­
p lacements . The damage mechan isms due to 
tension can be investigated effectively us ing a two­
d imensiona l  plane  stress ana lysis . Structures in the 
compression zone are subjected to positive 
moments in  the footing  and large compressive 
horizontal stresses in  the fou ndation wal ls .  A p lan 
stra in  ana lysis of the fou ndation wal l  is  used to 
examine  compression zone damage mecha n isms.  
The structura l aspects affecting each mechan ism 
are identified , and potentia l  m itigation techn iques 
a re summarized . 
Keyword (s) : surface structural  damage, vertical 
d isplacement, horizontal d isplacement, abandoned 
m ines, active mines, insurance, model ing ,  
computer, structu ra l m itigation,  foundations 
Location (s) :  I l l i nois, I l l i nois Coal Basin ,  
Appa lach ian Coa l Reg ion,  Pen nsylvan ia ,  Un ited 
States 
Drzezla , B . ,  S .  Czypionka .  Prakiyczne Zastosowan ie 
Wzorow Do Obl iczan ia Krzywizn Przekrojow 
Pionowych N iecki Osiadan ia  (Practica l  Use of 
Formu las for Calcu lating Vertical-Cross-Section 
Curvatures of a Su bsidence Trough ) .  Przeglad 
Gorn iczy, v .  27 ,  no. 1 0, 1 97 1 ,  p.  457-462 . 
Keyword (s) :  prediction  
Drzez la ,  B .  lnformacja 0 Programach D i a  Maszyny 
Cyfrowej Do Obl iczan ia Deformacj i  Gorotworu Przy 
Eksploatacj i  Gorn iczej (Computer Systems 
Programming for Calcu lating the Deformation of 
Rock Masses as Effect of M in ing  Explo itation ) .  
Przeglad Gorn iczy, v .  30, n o .  3 ,  1 974, p .  1 64- 1 70 .  
Keyword (s) :  computer, prediction 
Drzez la ,  B. Zmiennosc Zasiegu Wplywow 
Eksploatacj i  W Gorotworze (Var iab i l ity of the Range 
of Effects Due to Mine Workin g  in Rock Masses) . 
Przeglad Gorn iczy, v. 35 ,  no .  1 0, 1 979 ,  p .  
4 1 3-4 1 8 .  
Du igon , M .  T . ,  M .  J .  Sm igaj .  Fi rst Report o n  the 
Hydrologic Effects of Underground  Coal M in ing  in 
Southern Garrett Cou nty, Marylan d .  Maryland 
Geological Survey Report of I nvestigations No.  4 1 , 
1 985 ,  9 9  p .  
This report describes prel im inary fi nd ings o n  the 
hydrogeologic system in  southwestern G arrett 
Cou nty, Maryland,  where a large u ndergrou nd  coal­
min ing operation had recently beg u n .  A network 
was establ ished to gather  streamflow, water-level ,  
and water-qua l ity data . 
Keyword (s) : subsurface water, hydro logy, coal  
m in ing ,  room-and-pi l lar, p i l lar extraction 
Location (s) : Maryland,  United States 
Dulaney, R .  L .  The Structural Strength of Coal M ine  
Floors . M .S .  Thesis, Virg in ia Polytechn ic  I nstitute, 
Blacksburg ,  VA, 1 960, 73 p .  
Keyword (s) : floor stab i l ity, coa l  m in ing  
Du Montel le ,  P .  B . ,  E .  D .  McKay, P .  J .  Ehret, R .  D .  
G ibson . Mine Su bsidence and Unstable Loess i n  
Southwestern I l l i no is .  IN :  Geological  Society of 
America Abstracts with Programs, North -Central 
Section,  1 3th Annua l  Meeting ,  Du l uth , M N ,  May 
1 0- 1 1 ,  1 979,  p. 228 . 
Keyword (s) :  engineering ,  soi l  mechan ics, coa l 
m in ing ,  soi ls, surface structu ra l damage, abandoned 
mines, geologic features 
Location (s) : I l l i nois,  I l l inois Coal  Basi n ,  Un ited 
States 
Du Montel le,  P. B. The I l l i nois Mined Land 
Subsidence Program . I l l i nois i n  the 1 80s . . .  Trends in  
Natural Resou rce Management. I l l i nois I nstitute of 
1 0 1  
Natu ra l Resources, 1 980, p .  60-63 . (NTIS 
PB82- 1 7 7 1 1 4) 
Keyword (s) : l and-use p lann ing ,  coal m in ing ,  
subsidence research 
Location (s) : I l l i nois,  I l l i nois Coa l Basin ,  Un ited 
States 
Du Monte l le ,  P .  B. ,  R.  E .  Yarbrough ,  R.  S.  Pocreva . 
Review of Underground Min ing  Practices in I l l i nois 
as Related to Aspects of Mine Subsidence with 
Recommendations for Leg is lation . I l l i nois State 
G eologica l  Su rvey, Champaign,  I nstitute of Natu ra l 
Resou rces Docu ment 80/ 1 0, 1 980, 1 42 p .  
Th is report was prepared to provide informa­
tion to introduce and review background events 
associated with m ine  su bsidence, to describe 
u n derground min ing  practices in I l l inois,  to describe 
m ine  subsidence and bu i ld ing a lternatives to reduce 
su bsidence damage, to review legal  aspects of 
mines subsidence, to expla in  pub l ic access to 
u n derground  mine  maps, and to state the find ings 
and recommendations for futu re work . 
Keyword (s) : law, govern ment, coa l m in ing ,  
su rface structu ra l damage, structu ral m itigation,  
i nsurance, abandoned mines, active mines 
Location (s) : I l l i no is,  I l l i nois Coal Basin ,  Un ited 
States 
Du Montel le,  P .  B . ,  S .  C .  Bradford, R .  A. Bauer, M .  
M .  Ki l ley.  M ine  Su bsidence i n  I l l i no is :  Facts for the 
Homeowner Considering I nsurance.  Illinois State 
G eologica l  S u rvey, Envi ron mental Geology Notes 
9 9 ,  1 98 1 , 24 p . 
This booklet covers the geology of I l l i nois, the 
a reas u ndermined, the m in ing  methods used, the 
types of subsidence, and the effects of subsidence . 
Keyword (s) :  su rface structural damage, 
subsurface structural damage, construction , 
i nsurance, coal m in ing,  h istorical 
Location (s) :  I l l ino is,  I l l ino is Coal Basin,  Un ited 
States 
Du Montel le ,  P .  B., E. D .  McKay, R. D .  G ibson . 
G eo logy and Subsidence Monitoring  of Backfi l l i ng  
Projects in  Southwestern l l l inois--Television Probes 
of I njection Borings .  I N :  Proceedings Conference on 
G round Control in Room-and-Pi l lar  Min ing ,  Southern 
I l l i nois Un iversity, Carbondale, August 6-8, -1 9 80, 
Y. P .  C h u g h ,  ed . ,  S M E-AI ME,  New York, 1 982 ,  p .  
1 55- 1 57 .  
The USBM backfi l led abandoned mines at ·selected sites in southwestern I l l inois in an attempt 
to su pport fa i l i ng  mine  open ings . The I SGS assisted 
the Bureau by· developin g  geologic and eng ineering 
i n formatio n .  As part of th is  investigation , televis ion 
probes of 1 5  i njection  probes i n  Bel levi l le  
a u gmented conventiona l  meth ods of study . 
Keyword (s ) :  a ba n do n ed m i n es, backfi l l i n g ,  m i n e  
waste, grouting,  monitorin g  e q u ipment,  coal  m i n i n g  
Locatio n (s ) :  I l l i n ois,  I l l i n oi s  Coal  Bas i n ,  Un ited 
States 
D u Montel le,  P .  B . ,  R .  A. Bauer,  R .  D .  G i bson , J .  W. 
Mahar,  R. Yarbro u g h . Procedu res Used in I l l in o i s  to 
I d entify Sag S u bsidence Res u lt ing from 
Underg ro u n d  Coal  M i n i n g . Paper presented to 
Associ ation of Eng in ee ri n g  Geologi sts, 1 98 3 ,  S a n  
Diego, CA . 
Keyword {s ) :  s u rface su bsidence damage,  coal  
m i n i n g  
Location {s ) :  I l l i n ois,  I l l i no is  C o a l  Basi n ,  Un ited 
States 
D u Monte l le ,  P .  B . ,  R .  A .  Ba u er .  The M id-Conti n ent  
Field : Gen eral  Chara cteristics of S u rface 
S u bs idence.  I N :  S u rface M i n i n g  Enviro nmenta l  
Monitorin g  a n d  Reclamation H a n d book, L .V.A . 
Sendle in ,  et a l . ,  eds . ,  1 98 3 ,  Coal  Extractio n  a n d  
Uti l ization Research Center, Southern I l l i n o is  
Un ivers ity, Carbonda le,  U . S . Department of E n e rgy 
Contract No. DE AC22 80ET 1 41 46 .  E lsevier, New 
York, p. 67 1 -680. 
The coal  seams of the I l l i n ois Basiri c o mprise a 
major part of the Mid-Continent  Region .  S i n ce th e 
latter part of the 1 800s,  more th a n  750,000 acres 
of I l l i no is land h ave been u n derm i n ed for coa l .  
S u bs idence o f  the s u rface was documented by 
ea rly workers . And,  from time to ti me,  n ew stud ies 
and tec h n iques h ave provided a better u n d er­
sta n d i n g  of why m i n e  open i n g s  fa i l  a n d  h ow these 
fa i l u res are expressed at the surfac e .  Th e d eta i l ed 
case stu d ies in th is paper were design ed to m o nitor 
expected chan ges c h aracteristic of the I l l i no is  
Ba sin . A br ief d iscussion of  the bas in  settin g ,  min­
ing methods,  a n d  typica l  s u bsidence events m ay b e  
h e l pfu l .  
Keyword {s) : coal  m i n i n g ,  s u rfac e  s u bsidence 
dam age, geologic featu res, abandoned m i n es ,  
s u rface stru ctu ral damage,  hyd rology 
Location (s) :  I l l in ois ,  I l l i n ois Coal Basin ,  Un ited 
States 
D u Montel le ,  P. B . ,  R .  A .  Ba uer .  A M i n e  S u bsidence 
Research Program for I l l i n o i s :  Coal  a n d  Crops 
Worki n g  Togeth e r .  I N :  Proceedi n gs I l l i n ois M i n i n g  
I n stitute, October, 1 98 5 ,  p .  45-50. 
Th e I l l i n o is Mine S u bside n ce Research Program 
was in itiated in 1 985 to develop .gu ide l i n es for 
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m i n i n g  to control a n d  mitigate adverse effects o n  
pr ime farm l a n d  b y  u n dergro u n d  c o a l  m i n i n g  w h i l e  
maxi mi z i n g  coa l recove ry o f  c o a l  resou rces . 
Keyword (s) : c o a l  m i n i n g ,  s u bs idence researc h ,  
a gr icu ltu re 
Locati o n (s} : I l l i n ois,  I l l i no is  Coal  Bas i n ,  Un ited 
States 
Du Montel le ,  P .  B . ,  R .  A. Bau er .  The Second Yea r  
Progress Report o f  t h e  I l l i no is  M i n e  Su bsidenc e  
Researc h  Program . I N :  Proceedings I l l i n o i s  Min i n g  
I nstitute, October, 1 986,  p .  46-52 . 
Keyword (s) :  s u bsidence research ,  coal m i n i n g ,  
a g ri c u ltu re 
Location (s } :  I l l i n ois,  I l l i n o is Coal Basi n ,  Un ited 
States 
Du M on te l le ,  P. B., R .  A. Bau e r .  The I l l i n ois M i n e  
S u bs idence Research P rog ra m :  An Update. I N :  M i n e  
S u bsidence,  Proceed in gs, Society of M i n i n g  
E n g i n eers F a l l  Meeti n g ,  S eptem ber, 1 986,  M . M .  
S i n g h ,  ed . ,  St . Lou is ,  M O ,  p .  8 7 - 8 9 .  
I n  1 98 5 ,  partici p a n ts o f  the m u lti-year  I l l ino is  
Mine S u bsidence Researc h  Program con d u cted 
su rveys of s u bsidence effects on crop prod u ction 
fro m  c u rre n t  h ig h-extractio n  m i n i n g  m ethods,  
se lected a s ite to c h aracterize ove rb u rden m ateria ls  
and c h a nges i n  aqu ifers p roduced by s u bs idence 
from h ig h -extraction m i n i n g ,  c h a racterized f loor 
mater ia ls  in  three m i n es,  and esta bl i s h ed 
b ib l io g raph ic  reference a n d  database fi les . 
Keyword {s} : s ubs idence research, coal m i n i n g ,  
a ctive m in es,  agri c u ltu re ,  mon itor ing m ethods, 
overb u rde n ,  hyd ro logy, lab testin g ,  in  s itu testin g ,  
computer, l iteratu re searc h ,  law, government 
Location (s ) :  I l l i n ois,  I l l i n ois Coal  Basi n ,  Un ited 
States 
Du Monte l le ,  P .  B . ,  L .  R. Powel l .  I l l ino is  Mine 
S u bsidence Resea rch Program .  I N :  Mine  Su bsidence 
Pred iction a n d  Contro l ,  Nationa l  Symposiu m ,  33rd 
A n n u a l  Meeti n g ,  Association of E n g ineeri n g  
G eo lo g i sts, October 2 - 3 ,  1 990, C . D .  E l ifrits , ed . ,  
Pitts b u rg h ,  PA, p .  8 9 .  
T h e  a u th ors i ntroduce a series of papers i n  the 
Sympos i u m  that descr ibe the c urrent research of 
the I l l i n oi s  M i n e  S u bsidence Research Progra m .  
· Keyword {s ) :  s ubsidence researc h ,  active m i n es 
Location (s ) :  I l l in ois,  I l l i n o is Coal Basin ,  Un ited 
States 
D u n ca n ,  N . , M. A. Devane, J. M. Hickmott . The 
A n a lysis of Loc a l ised G ro u n d  S u bsiden ces . I N :  
G ro u n d  M ovements a n d  Stru ctures, Proceedings  
3rd I nternational  Conference, Un iversity of Wales 
I nstitute of Science and Technology, Card iff, 1 984, 
J . D .  Geddes, ed . ,  Pentech , London,  1 98 5 ,  p .  
565-580.  
Loca l ized ground subsidences may occur  where 
cavities exist in the ground as a resu lt of the pres­
ence of a number of featu res inc lud ing mine 
workin gs,  tu nnels,  poorly backf i l led shafts and,  
d irectly or ind i rectly, from u nderly ing carbonate 
rocks susceptible to erosion or solution ing . The 
methods of ana lysis described permit conclus ions to 
be drawn on the type and probab i l ity of fai l u re i n  
cases where cavities are known to  exist. When 
fa i lu res have unexpectedly occurred, ana lytica l  
methods may g ive some g u idance on the depth and  
d imensions of  the  cavities activating  the  subsidence 
and th us be of ass istance in the design of remedia l  
measures . 
Keyword (s} : geologic features, surface 
su bsidence damage, soils, surface structu ra l 
damage 
Location (s) :  Un ited Kin gdom 
Dunham,  R .  K.,  A .  G. Th u rman,  R. D .  E l l ison . The 
Use of Geological/Geotechn ical I nvestigation as an 
Aid to Mine  P lann in g .  IN :  Energy Resou rces and 
Excavation Technology, Proceedings 1 8th U . S .  
Sympos ium o n  Rock Mechan ics, Keystone,  CO, 
June 22-24, 1 977 ,  F-D . Wang and G . B .  Clark, eds . ,  
Colorado School of Mines Press, Golden , p .  1 C4- 1 -
1 C4-6 .  
Procedures for geological/geotechn ical  
investigation of a property are outl i ned and 
demonstrated by example .  I nformation ava i lab le 
with l im ited f ie ld work is l isted; studies adaptable to 
the typical dri l l i ng  process are summarized; and the 
requ i rement for mon itor ing and fu rther assessment 
dur ing mine development is noted . 
Keyword (s) : m ine design , geologic features, 
geotechn ical 
Location (s) : Un ited States 
Dunham,  R. K . ,  R. L .  Stace . I nteraction Problems i n  
Mu ltiseam Min ing . IN :  Proceedings 1 9th U . S .  
Symposiu m  o n  Rock Mechan ics, State l ine,  NV, May 
1 -3 ,  1 978 ,  Y.S . Kim,  ed . ,  Un iversity of Nevada­
Reno, p .  1 74- 1 88 .  
I nteraction effects from earl ier workings in  
seams above or below a seam presently be ing 
mined are a constant problem in  the U . K. coalfields 
and are beginn ing  to create d ifficu lties in the Un ited 
States . On the basis of a series of case stud ies, th is  
paper attempts to define the major parameters 
govern ing the interaction mechan ism . A broad 
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relationsh ip  between the amount of damage caused 
by a r ib edge or remnant p i l lar  and the major 
parameters i s  developed from the case study 
resu lts . 
Keyword (s) : mu ltiple-seam extraction ,  coal 
m in i ng ,  g round  control ,  longwa l l ,  mine design 
Location {s) : Un ited Kingdom 
D u n ker, R.  E . ,  R .  I .  Barnh isel ,  R.  G .  Darmody, eds . 
Proceedings of the 1 992 Nationa l  Symposium on · 
Prime Farmland Reclamation .  Department of 
Agronomy, Un iversity of I l l inois,  Urbana .  
Th is sympos ium brought together reclama­
tion ists from industry, government, and research 
i nstitut ions in  a nationa l  forum to present and 
d iscuss cu rrent issues related to pr ime fa rmland 
rec lamation . 
Keyword (s) : reclamation , mitigation, land 
m itigation ,  agr icu ltu re, soi ls 
Location {s ) : Un ited States 
D u n n ,  J .  R . ,  G .  M .  Ban ino,  W .  D .  Ernst . The 
Physical and Chemical  Characteristics of Ava i lable 
M ateria ls for F i l l ing S u bsurface Coal Mines .  
Contract JO 1 55 1 82,  Dunn  Geoscience Corporation,  
U . S . Bureau of M ines OFR 1 5 1 -77,  1 977,  282 p.  
( NT IS  PB  274 702) 
Th is  report stud ies the critical physica l and 
chemica l  characteristics of  avai lable h igh-bu lk  
materia ls  that might be used to  f i l l  abandoned 
rooms i n  anthracite coa l mines of eastern 
Pen n sylvan ia and b ituminous coal mines of western 
Pennsylva n ia . 
Keyword (s ) :  backfi l l i ng ,  abandoned mines, coa l 
m in ing ,  anth racite, bitu minous 
Location {s) : Pennsylvan ia, Appalachian Coa l 
Reg ion , Un ited States 
Dun ru d ,  C. R. Some Eng ineering-Geologic Controls 
on Coal M ine  Su bsidence; Effects of Subsidence on 
M in i ng ,  Conservation of Coal Reserves, and on the 
Environment .  I N :  Eng ineering Geology and the 
Natura l  Resources Energy Spectru m, Association of 
Eng ineering G eologists Annua l  Meeting,  Program 
Abstracts, 1 974, no .  1 7, p .  23 . 
Keyword (s) : coal m in ing ,  environment, geologic 
featu res 
Dunrud ,  C .  R .  Effects of Coal M ine  S ubsidence in  
Selected Mines of  Utah ,  Colorado, & Wyoming from 
Viewpoint of Eng ineering  Geolog ist .  I N :  Proceed ings 
8 8th An n ua l  Meeting Geological Society of 
America,  Sa lt Lake City, UT, October 20-22 ,  1 975,  
p .  1 65- 1 74 .  
Keyword(s) : coal m in i ng ,  eng ineering  
Location (s) : Utah ,  Colorado, Wyoming ,  Rocky 
Mounta in  Coal Reg ion,  Un ited States 
Dunrud, C. R .  Some Environ menta l  and  Resou rce­
Recovery Problems Associated with Past 
Underground Coal M in ing  Activities in the Western 
Powder River Basin ,  Wyomi n g .  I N :  G eological  
Society of America Abstracts with Programs, 8 9th 
An nua l  Meeting,  Denver, November 8- 1 1 ,  1 976 ,  
Geological Society America , v .  8 ,  no .  6, p .  
846-847 . ( NTIS Accession No .  7 7-47508)  
Keyword (s) :  coa l  m in ing ,  abandoned mines ,  
environment, room-and-pi l l a r, overburden ,  m ine  
f i res , reclamation 
Location (s) : Wyoming,  Rocky Mounta in  Coal 
Region , Un ited States 
Dunrud ,  C. R . ,  F. W. Osterwa ld . Coal M ine  
Subsidence Near  Sheridan ,  Wyoming . Bu l letin 
Association of Eng ineering Geologists, v .  1 5 , no .  2 ,  
1 978 ,  p .  1 75- 1 90.  
Keyword (s) : coa l  m in ing 
Location (s) : Wyoming,  Rocky Mou nta in  Coal 
Reg ion,  Un ited States 
Du nrud . C. R . ,  F. W. Osterwald . Effects of Coal 
Mine S u bsidence i n  the Western Powder R iver 
Bas in ,  Wyomin g .  U .S . Geological  Su rvey O F R  
78-473, 1 978 ,  7 1  p .  
Keyword (s) :  coal m in ing  
Location (s) : Wyoming,  Rocky Mou nta in  Coal 
Region , Un ited States 
Dunrud ,  C. R . ,  R. H .  Morris,  eds . Selected Papers; 
Seminar  on Coal M in ing  Activities and Concepts of 
M u lt iple Land Use . Session Papers ,  Seminar  on Coal 
Mining Activities and Concepts of M u lt ip le Lan d  
Use, Denver, C O ,  May 6-7, 1 97 6 .  Association of 
Eng ineering  Geologists Bu l letin v. 1 5 , n o .  2, 1 97 8 ,  
p .  1 45-25 1 . (NTIS Access ion No .  7 9-253 7 1 )  
Keyword (s) :  land-use p lan n i ng ,  coal m in i ng ,  
reclamation 
Location (s) : Un ited States 
Du nrud ,  C. R. Coal Mine Deformation ,  Western 
Powder R iver Basin . I N :  The Energy Lands Programs 
of the U .S . Geological Survey, Fiscal Year  1 976 ,  
J .O .  Maberry, compi ler .  U . S . Geological  S u rvey 
Circu lar  No. 778,  1 978 ,  p. 33-3 5 .  
Keyword (s) : coal m in ing  
Location (s) : Wyoming,  Rocky Mounta in  Coal 
Reg ion,  Un ited States 
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Dunru d, C .  R .  Some Eng ineering  Geologic Factors 
Contro l l i ng  Coa l M ine  Subsidence in Utah and 
Colorado . U . S .  Geological  Su rvey Professiona l  Paper 
969 ,  1 979 ,  39 p .  
Keyword (s) : coal m in i ng ,  eng ineering ,  geologic 
featu res 
Location (s) : Utah ,  Colorado, Rocky Mou nta in  
Coal  Region , Un ited States 
D u n rud ,  C .  R . ,  F .  W .  Osterwald . Effects of Coal 
M ine  S u bsidence i n  the Sheridan ,  Wyoming,  Area . 
U . S .  G eolog ical Su rvey Profess iona l  Paper 1 1 64, 
1 980,  49 p .  
Keyword (s ) : coal m in i ng  
Location (s) : Wyoming,  Rocky Mou ntain Coal 
Region ,  Un ited States 
Dun ru d ,  C. R. Coal M ine  Subsidence--Western 
Un ited States . I N :  Man- Induced Land Su bsidence, 
G eological  Society of America Reviews in  
Eng ineeri n g  Geology VI ,  1 984, T . L. Holzer, ed . ,  p .  
1 5 1 - 1 94 .  
T h i s  report d iscusse� t h e  n ature a n d  extent of 
subsidence in the western Un ited States, subsi­
dence processes in  u nderground and surface coal 
m ines ,  and factors contro l l i ng  subsidence in  order 
to provide a basis for fu rther study and ana lysis of 
subsidence .  Resu lts of case studies of subsidence 
and  f i res caused by underground min ing ,  su b­
s idence hazards,  subsidence prediction and  control ,  
and  land u se are a lso d iscussed . The  report a lso 
compares resu lts of su bsidence in the western 
U n ited States with those of other countries . 
Keyword (s) : coal m in ing ,  surface subsidence 
damage,  active mines, abandoned mines,  land-use 
p la n n i n g  
Location (s ) : Rocky Mou ntain Coal Region ,  
Un ited States 
Dun rud ,  C .  R. S u bsidence--An I mportant Aspect of 
Lan d  Use Plann ing  Above Abandoned Underground 
Coal  M ines .  I N :  Association of  Eng ineering 
G eologists Sympos ium Series No .  4, Bu i ld ing Over 
Underground M ines--Su bsidence Considerations, 
October 1 987 ,  p .  3-3 6 .  
S u bsidence effects, a s  predicted from geologic 
and m in i ng  conditions,  should be i ncorporated into 
land use p lans before development beg ins .  Time 
and money spent i n  formu lating  comprehensive land 
use p lans before · development are smal l  compared 
to the t ime and money spent later on mitigation . 
Keyword {s) : l and-use plann ing ,  coal m in ing ,  
aba ndoned m ines,  overbu rden,  economics 
Location (s} : Un ited States 
Dutton,  A .  J . , J .  L. Meek .  Discrete Element 
Model l i ng  of Vertical Stress Changes I nduced by 
Longwal l  M in ing .  I N :  Proceedings 1 st U .S . 
Conference on Discrete Element Methods, Golden,  
1 98 9 .  
Keyword (s) : model i ng ,  longwa l l  
Duva l l ,  W .  I .  Stress Ana lysis Appl ied to  Under­
ground Min ing  Problems, and Stress Analys is 
Appl ied to Mu lt iple Open ings in Pi l l a rs,  Parts I and 
I I .  U . S .  Bureau of Mines R I  4387 ,  November, 1 948 . 
Th is report is a d iscussion of average and  
maximum stress distributions as a function of  the  
shape of  openings and as percent of  coal recovery . 
Keyword (s) : p i l lar  strength , coal m in i ng  
Location (s) : Un ited States 
Dyn i ,  R. C. Subsidence I nvestigations Over Salt­
Solution Mines, Hutch inson,  KS . U . S .  Bureau of 
Mines IC 9083, 1 986,  23 p .  
The US BM, in  cooperation with the Solution 
Min ing  Research I nstitute, conducted surface and 
subsurface investigations over five solution-mined 
salt cavities in the area of Hutch inson, Kansas .  The 
purpose of these investigations was to determine  
the mechan isms that l ead  to  the formation of 
sin kholes above col lapsed solution cavities . 
Keyword (s) : non-meta l m in ing ,  geolog ic  
features 
Location (s) : Kansas, Un ited States 
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Dyn i ,  R .  C .  S u bsidence Resu lting  from M u lt ip le­
Seam Longwal l  M in ing  in the Western Un ited 
States--A Characterization Study. U .S . Bu reau of 
M ines I C  9297 ,  1 99 1 ,  20 p .  
Th is report deta i ls  the investigation of mu ltiple­
seam longwal l  su bsidence from 1 978  to 1 9 8 9 .  A 
field i nvestigation mon itored ground  surface move­
ments over fou r  upper-seam longwal l  panels and s ix 
lower-seam pane ls .  The characteristics of the 
su bsidence occu rri ng  as a resu lt of min ing  these 
pane ls a re examined; in  particu lar, the ang le of 
draw, s ubsidence development, tota l magn itude and 
a rea l  extent, and critical width are evaluated and · 
d iscussed . Comparisons a re a lso made between the 
characteristics of multip le-seam longwalf sub­
s idence and  s ing le-seam longwal l  subsidence that 
occu rred at the same s ite . 
Keyword (s) : mu ltip le-seam extraction,  longwal l ,  
ang le of d raw, coal m in ing ,  mon itori ng  methods, 
survey methods, su rvey design,  survey equ ipment/ 
survey data process ing,  Nationa l  Coal Board 
Location (s ) : Utah ,  Rocky Mounta in  Coal Region,  
Un ited States 
Ealy, D. L . ,  R. E. Mazurak, E. L. Langrand . A 
Geological Approach for Predictin g  Unstab le  Roof 
and Floor Condit ions in Advance of M in i ng .  M in i ng  
Congress Journa l ,  March ,  1 979,  p .  1 7-22 . 
Keyword (s) : roof stabi l ity, floor stabi l ity, 
geolog ic features 
Earth Sate l l ite Corporation (Wash ington , D . C . )  Use 
of Photo I nterpretation and Geological  Data in  the 
Identification of Surface Damage and S u bsidence .  
Appa lachian Regional  Commission Report 
ARC-73- 1 1 1 -2554, 1 975, 1 04 p .  ( NTIS PB  242 
468) 
Mu lti-sensor, mu lti-level remote sensing  was 
examined for uti l ity in detect ing and del i neating  the 
surface express ion of mine su bsidence in  the 
Northern Anthracite Coal F ie ld of Pen nsylvan i a .  The 
objectives were to determine not on ly those sensors 
and ana lysis techn iques that offer the best resu lts 
in the identification of mine su bsidence, but to 
identify areas of potentia l subsidence so they can 
be considered in future p lann ing  and zon ing  
processes . 
Keyword (s } :  photography, su rface subs idence 
damage, geologic featu res, remote sens ing,  
anth racite, land-use plan n ing  
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Eaton,  L. Surface Effects of the Caving System . 
Min ing  and Science Press, v .  97 ,  September, 1 908,  
p .  428-42 9 .  
Keyword (s) : surface subsidence damage, 
h istorica l  
Eaton, L .  Sand F i l l ing Th rough  Pipes and Boreholes .  
Transactions,  AI M E, v .  1 02 ,  February 1 932,  p .  3 3 .  
This article d iscusses backfi l l i ng  o f  active m ines 
by various processes inc lud ing hand stowage, 
hydrau l ic,  pneu matic, and a combination of 
hydrau l ic and pneumatic .  
Keyword (s ) :  hydrau l ic  backfi l l i ng ,  pneu matic 
backfi l l i ng,  active mines 
Eavenson , H .  M .  Min ing  an Upper Bitu minous Seam 
After a Lower Seam Has Been Extracted . 
Transactions, A I M E, v .  69,  1 923, p .  398-405 . 
I n  many of the bitu minous coal d istricts of the 
Un ited States, more than one seam of workable 
coal  exists and,  in  most cases, the lower seam is 
the more attractive because of either its g reater 
th ickness or its superior qua l ity . Apprehension that 
the min ing  of a seam will destroy the ava i lab i l ity of 
a l l  overlying seams has h indered the development 
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of many fields and has led to the unprofitable 
work ing of certain seams to save them from an 
expected total loss . A study was made of  operating  
methods · app l ied to  superimposed seams, and these 
cases form the basis of th is paper.  
Keyword (s) : mu ltip le-seam extraction , coal  
m in i ng ,  b itu m inous,  active m ines 
Location (s) : West Virg in ia ,  Pen nsylvan ia ,  
Maryland,  Appa lach ian Coa l Reg ion , Un ited States, 
South Africa, Scotland 
Edgerton ,  A .  T . ,  F .  Ruskey, D .  N .  Wi l l iams.  
Microwave Radiometric I n vestigations of Mine 
S u bsidence i n  Rock S prings, Wyoming . U . S .  Bureau 
of M ines Contract H0 1 1 0 1 56,  Aerojet-General 
Corporation,  January, 1 97 1 ,  97 p. ( NTIS PB 203 
6 7 1 )  
Keyword (s ) : instrumentation , mon itoring 
equ ipment, coal min ing,  abandoned mines 
Location (s) : Wyoming,  Rocky Mou nta in  Coal 
Reg ion,  Un ited States 
Ed i ,  J .  N . ,  J r . ,  W .  F. E ichfel d .  Subsidence Related 
Data from Four Representative Un ited States Coal 
M ines .  S pecial  Study Laboratory Report S & S E  
7 8-2,  Joint Research Project N o .  1 4-0 1 -000 1 -
1 45 1 ,  Carbondale M in ing  Technology Center, U . S .  
Department o f  Energy, 1 978 . 
Keyword(s ) :  su rvey data processing,  lab  
testing ,  coa l  min ing 
Location (s) : Un ited States 
Ed i ,  J .  N . ,  J r .  The Effect of Geotechn ical  Factors on 
the S u bsidence Response . I N :  Proceedings 1 st 
Conference on G round Control Problems in the 
I l l i nois Coal Bas in ,  August 2 2-24, 1 979,  Southern 
I l l ino is  Un ivers ity, Carbonda le, 1 980, p .  268-2 8 2 .  
T h e  purpose o f  th is  paper is  to discuss the 
effects of selected geotech n ical factors on 
subsidence.  The information presented necessari ly 
rel ies he(;)vi ly on su bsidence experience from 
European cou ntries as subsidence research is sti l l  in 
the early stages in the Un ited States . 
Keyword (s) : geotechn ica l ,  coal m in ing,  Nat iona l  
Coa l  Board , overbu rden 
Location (s) : Un ited States, Europe 
Edmonds, C. N. Towards the Prediction of 
S u bsidence Risk Upon the Cha lk  Outcrop . Quarterly 
Journa l  of Eng ineering Geology, 1 6, 1 983,  p .  
2 6 1 -2 66 .  
Keyword (s) : pred iction 
Edmonds, C .  N . ,  C .  P .  G reen , I .  E .  H igg in bottom .  
Su bsidence Hazard Prediction for Limestone 
Terra ins,  As Appl ied to the Eng l ish  Cretaceous  
Cha lk .  IN :  Plann ing  and Eng ineering  Geology, 
Proceedings 22nd An nua l  Conference,  Eng ineering  
Grou p of  the  Geological Society, Plymouth 
Polytechn ic, September 8- 1 2 , 1 986,  M .G .  Cu lshaw, 
et  a l . ,  eds . ,  The Geological Society, London,  1 98 7 ,  
p .  283-293 . 
Solu ble carbonate rocks often pose a sub­
sidence h azard to eng ineering  and bu i ld ing  works 
due to the presence of either matastable natural  
solut ion features or artific ia l  cavities . It would be 
advantageous if areas l iable to subsidence could be 
identified in a cost-effective manner in  advance of 
p lan n ing  and ground investigation . 
Keyword (s) : prediction,  model i ng ,  land-use 
p lann ing,  geologic features 
Location (s) : Un ited Kingdom 
Edwards, J. L. The Effects and Mechan isms of 
Floor Heave as O bserved i n  the South Newcastle 
Coalfield . I N :  Proceedings,  1 9th Sympos ium on 
Advances in the Study of the Sydney Bas in ,  1 98 5 ,  
Department o f  Geology, Un iversity of Newcastle,  
New South Wales,  p .  68-69 . 
F loor heave has long been a problem i n  the 
min ing of various tabu lar  deposits . The man ifes­
tation of this phenomenon is an upheaval of the 
roadway floor by the suggested mechan isms of 
either plastic flow or r igid buckl ing ,  or in some 
cases a combination of both . The presence of 
mechan ical  d iscontinu ities,  such as jo ints and 
fau lts, is seen to have an apparent compou nd ing  
effect in  creat ing the  problem, lead ing to  the 
proposa l that drivage d i rection may h ave a role to 
p lay in  m in imiz ing floor h eave in critica l  roadways . 
Keyword (s) : floor stabi l ity, coal m in ing ,  
geologic features, mine design ,  room-and-p i l lar  
Location (s) :  Austra l ia 
Ege, J.  Mechan isms of S u rface S u bsidence 
Resu lt ing from Solution Extraction of Salt .  I N :  Man­
I nduced Land Subsidence, Reviews in  Eng ineeri ng  
Geology V I ,  T . L. Holzer, ed . ,  The Geolog ical Society 
of America, 1 984, p .  203-22 1 .  
Extraction of soluble minera ls ,  whether by 
natu ral or man- induced processes ,  can resu lt i n  
loca l ized land-surface subsidence . The  subsidence i s  
caused by  partia l  or total col lapse of  underground 
cavities resu lti ng from dissolution of  sa lt or other 
solu ble evaporites . In many cases, su bsidence is 
u ltimately related to the strength l im it of the 
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overly ing rocks. that form the unsupported roof 
above the cavity . 
Keyword {s) : non-metal m in ing ,  f lu id extraction 
Location (s) : Un ited States 
Ege, J .  R .  S u rface Subsidence and Col lapse in 
Relation to Extraction of Sa lt and Other Solub le 
Evaporites . U . S . G eological  Su rvey OFR 79- 1 666,  
1 97 9 ,  33  p .  
Extraction of solu ble minera ls,  whether by 
natura l  or man- induced processes, can resu lt in  
loca l ized land-su rface su bsidence and more ra rely 
s inkh ole formation . Th is  report summarizes ex­
perience in g rou n� subsidence and col lapse over 
cavities formed by either natural or artific ia l  means 
in  sal ine rocks . 
Keyword (s) : non-meta l m in ing ,  surface 
subsidence damage 
Location (s) : Un ited States 
Eggelsma n n ,  R. F. Subsidence of Peatland Caused 
by Dra inage, Evaporation,  and Oxidation . I N :  Land 
S u bsidence, Proceed ings 3rd Internationa l  
Symposiu m ,  Ven ice, Ita ly, March 1 9-25, 1 984, A . I .  
Johnson , L .  Carbogn i n ,  and L .  Uberti n i ,  eds . ,  
I n ternationa l  Association Hydrolog ical Sciences 
Pub l ication 1 5 1 ,  1 986,  p. 497-505 . 
Dra inage, reclamation,  and agricu ltu ral use of 
peatlands change their natural cond itions because 
the layers orig ina l ly have a h igh  pore volume and 
h igh  water content .  The subsidence of peatland is 
cased by three main effects : ( 1 ) compression of 
peat layers below the grou ndwater table, if it is 
lowered; (2) shrin kage of peat layer u pon the 
g roundwater table by desiccation, caused by 
evaporation ;  and (3) oxidation/mineral ization of the 
organ ic  matter in the top layer, especia l ly at arable 
land,  depend ing on pH va lue .  
Keyword (s) : fl u id extraction , surface subsidence 
damage,  soi ls 
Location {s ) :  G ermany 
Ehret, P .  J. P lann ing  for Subsidence . Coal M in ing  
and Processing,  v .  1 9, no .  4 ,  1 982,  p .  1 30- 1 34. 
Keyword {s) : coal m in ing ,  mine design 
Eh ret, P .  J. The Regu latory Authority.  I N :  S u rface 
M in i ng  Environmental Mon itoring  and Reclamation 
Handbook, L. V .A. Send lein ,  et a l . ,  eds . ,  Coa l 
Extraction and Uti l ization Research Center, 
Southern I l l i nois Un ivers ity, Carbondale,  U . S . 
Department of Energy Contract No .  DE  AC22 80ET 
1 4 1 46,  Elsevier, New York, 1 983,  p .  609-6 1 2 . 
Regu latory requ i rements s ince the passage of 
Surface Min ing  Control and Regu latidh Act of 1 977 
have been in  a constant state of  change .  I t  is  l i kely 
that th is s ituation wi l l  continue  for qu ite some t ime 
as the federa l Office of Surface Min ing and the 
various state regu latory agencies learn more about 
the programs they are enforc ing .  This evolution 
may resu lt in  a stre·aml in ing  of the regu latory pro­
cess as the enforc ing agencies discover the imprac­
tica l aspects of the regu lations,  and as state-of-the­
art advancements are made in both m in ing  and the 
control of subsidence . 
Keyword {s) : law, government, reclamation 
Location (s) : Un ited States 
Eh ret, P. J .  The Regu lation of Subsidence and 
Underground Coal M in ing  in I l l i no is .  IN :  M ine  
Subsidence, Society of  M in ing  Eng ineers Fa l l  
Meeting ,  St .  Lou is ,  MO,  September, 1 986 ,  M . M .  
S ingh , ed . ,  S M E, Littleton , CO, p .  97- 1 00. 
With the passage of the Surface M in ing  Control 
and Reclamation Act and the implementation of 
state programs, underground coal m in ing  operations 
are for the first t ime subject to govern ment regu la­
tions regard ing subsidence . These regu lations now 
and in the futu re wi l l  d i rectly affect the man ner in  
wh ich m in ing  compan ies mine the i r  coa l . S i nce the 
promu lgation of  the orig ina l  f ina l  regu lations by 
Office of Surface Min ing ,  n u merous changes in  
those regu lations have been made and many 
additional  changes are pend ing i n  the near futu re . 
This paper wi l l  discuss state and federa l approaches 
to regu lating underground coa l  mines and examine  
issues surround ing future subsidence regu lations .  
Keyword (s) :  coal m in ing ,  law, government, 
geotech nica l ,  mine design ,  room-and-pi l l ar, 
longwal l ,  h igh-extraction retreat, mit igation , 
rec lamation 
Location (s) :  I l l inois, I l l inois Coal Bas i n ,  Un ited 
States 
Ehrhardt, W . ,  A. Sauer .  Preca lcu lation of 
Subsidence, Ti lt and Curvatu re Over Extractions in  
F lat  Formations .  Bergbauwissenschaften ,  1 96 1 , v .  
8 ,  p .  4 1 5-428 ( in German ) .  
Keyword (s) :  prediction , model i ng ,  empirical  
model, stoch astic model 
Eichfeld,  W. Photogrammetric Tech n iques .  I N :  
Su rface Min ing  Environmental Mon itor ing and 
Reclamation Handbook, L .V.A.  Send le in ,  et  a l . ,  
eds . ,  Coa l Extraction a n d  Uti l ization Research 
Center, Southern I l l i nois University, Carbondale,  
U .S . Department of Energy Contract No .  D E  AC22 
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80ET 1 4 1 46, Elsevier, New York, 1 983,  p .  
623-626 .  
Th is  paper describes the  advantages of  us ing 
photogrammetric surveys for  mon itor ing ground 
s u rface movements associated with subsidence . 
Keyword {s) : mon itoring methods, remote 
sens ing  
Location {s) : Un ited States 
E ichfeld ,  W ., E. Ono,  Y. P. Chugh ,  G .  Chen . 
Appl ication of Photogrammetric Tech n iques in 
Assess ing Underground Mine Open ing  Deformations 
and Stab i l ity . I N :  Rock Mechan ics Contributions and 
Cha l lenges, Proceedings of the 3 1 st U . S .  Rock 
Mechan ics Symposium,  Golden , CO, June  1 8-20, 
1 990, W .A.  Hustru l id  and G .A . Johnson,  eds . ,  
Ba lkema,  Rotterdam,  p .  587-594.  
Th is  paper describes the use of 
photogrammetric techn iques to improve the 
m easurement of entry deformations and the 
e lements of roof-pil la r-floor interactions .  
Keyword (s) : room-and-pi l lar, su rvey methods, 
su rvey equ ipment, photography, coal m in ing  
Elder, B .  L .  A Study of  M ine-Related Surface 
Su bsiden ce Features Using Landsat Thematic 
Mapper and Seasat SAR Data; the Western 
Kentucky Coal F iel d .  M . S .  Thesis, Mu rray State 
Un iversity, Mu rray, KY, 1 985 ,  56 p .  
Keyword (s) :  coal m in ing ,  remote sensing ,  
photography, surface su bsidence damage 
Location (s } :  Kentucky, I l l inois Coa l Bas in ,  
Un ited States 
Elder, C. H .  Eva luation of Procedu res Used in Four 
M ine  Su bsidence Control Projects . Office of S u rface 
Min ing Reclamation and Enforcement, Eastern F ie ld 
O perations, Ten Parkway Center, Pittsburg h ,  PA, 
October 1 98 6 .  
T h i s  project was in itiated b y  t h e  Office of 
S u rface M in ing  Reclamation and Enforcement to 
eva luate the effectiveness of selected procedures 
and materia ls that have been used to abate 
abandoned mine subsidence . Specifica l ly, the 
project was designed to provide the fo l lowing  
information : determ ine the  lateral and vertica l  
extent of the f i l l  materia l  i njected into the mine 
voids; and, th rough the use of "standard 11 f ie ld and 
laboratory tests, determine the properties of the f i l l  
materia l ,  such as s ize d istribution ,  strength , and in  
s itu beari ng  capacity . 
Keyword (s ) :  hydrau l ic  backfi l l i ng ,  pneu matic 
backfi l l i ng ,  coa l m in ing ,  anth racite, bitu minous,  
abandoned mines,  mine waste, reclamation,  in situ 
testing ,  lab testing ,  geologic features, pi l lar strength 
Location (s) : I l l i nois, Pennsylvan ia,  West 
Virg in ia ,  I l l i nois Coal Basi n ,  Appalach ian Coal 
Region,  Un ited States 
El ifrits, C. D. A Study of S u bsidence Over a Room 
and Pi l lar Coal M ine .  Ph . D .  Dissertation ,  Depart­
ment of Geolog ical Eng ineering ,  Un ivers ity of 
Missour i ,  Rol la,  1 980, 1 1 8 p .  
A s  underground min ing  h a s  increased in  the 
I l l i nois Coa l  Basin , the problem of d isru ption of 
surface land use due to subsidence has i ncreased . 
Th roughout the past 60 years, subsidence inves­
tigations have dealt with min ing  depth ,  geometry 
and type of su pport of overburden left in place, 
hopefu l ry, to prevent cavity fa i l u re .  To date few 
investigations have been made of the geologic 
characteristics of a mine loca le with respect to the ir  
inf luences on the natu ral events fol lowing min ing of 
coa l  by room-and-pi l lar, h igh  extraction m in i ng  
methods . Th is research was completed to  inves­
tigate the geolog ic and min ing  characteristics at 
subsidence featu res . I nf luence of geology and 
min ing  on these features was investigated . 
Keyword (s) : room-and-pi l lar, h igh -extraction 
retreat, coal m in ing ,  geologic featu res, remote 
sens ing,  computer, photography 
Location (s) : I l l i nois,  I l l i nois Coa l  Bas in ,  Un ited 
States 
El ifrits , C. D . ,  D. J .  Barr, N .  B. Aughenbaugh . Room 
and Pi l lar Coal Mine Subsidence. I nternationa l  
Journa l  of  Min ing  Engineering ,  v .  1 ,  1 983 , p .  
295-3 1 4. 
A geograph ic natural resources computer 
database was modified to accept data fi les created 
from subsurface geologica l  and m in ing  information 
and remote sensor data . The database fi les were 
then used as variables in  equations that were 
produced to represent relationsh ips among the 
mapped parameters - geological and min ing  - that 
identify areas prone to su bside, as determined from 
the field verified subsidence featu res . Also, the 
uti l ity of the computer-processed remote sensor 
data as a tool for ind ication of subsided areas was 
eva luated . 
Keyword (s ) :  computer, room-and-pi l lar, 
prediction ,  land-use plann ing ,  longwal l ,  model ing ,  
coal min ing,  remote sens ing 
Location (s) : I l l inois, I l l i nois Coa l Bas in ,  Un ited 
States 
1 09 
El ifrits, C .  D . ,  N .  B .  Aughenbaugh . Effects of 
Moisture Variations and Overbu rden Geology on 
S u bs idence Proneness . S M E-AI M E  preprint No .  
83-3 8 9 ,  for  presentation at  the  S M E-AI M E  Fa l l  
Meetin g  and Exh ibit, Sa lt Lake City, UT, October 
1 9-2 1 ,  1 983 ,  5 p .  
O bservations made from laboratory ana lysis of 
samples of f ine gra ined arg i l laceous materia ls 
(sha les) su bjected to various changes in moistu re 
content h ave been correlated to loss of strength in 
the rock materia l . Th is reaction to a change in con­
d it ions (subsequent to m in ing )  at a mine site com­
b ined with the observed relationsh ips of su rface­
d istu rbing  subsidence featu res at locations where 
the predominant overbu rden materia l  is f ine gra ined,  
provides a predictive tool for  the subsidence 
eng ineer .  
Keyword (s) : coa l min ing,  geologic featu res , 
overburden,  partia l  extraction , lab testing,  in s itu 
testin g ,  floor stab i l ity, roof stabi l ity 
Location (s ) : Un ited States 
E l ifrits, C. D . ,  J .  D. Rockaway. Landuse Con­
siderations at Locations of Ground  S u bsidence . I N :  
Proceed ings,  3rd Conference o n  G round Control 
Problems in  the I l l ino is Coa l Basin , Mt. Vernon ,  I L, 
August 8- 1 0,  1 990, Y. P .  Chugh ,  ed . ,  Southern 
I l l i no is Un iversity, Carbondale, p. 387-392 . 
S u rface subsidence over areas where h igh  
extraction coal m in i ng  practices have been used 
frequently resu lts in a change of land use capabi l ity . 
These changes requ i re that a lternative land use 
patterns be eva luated prior to min ing  to min imize 
potentia l envi ron mental impact. Th is paper presents 
the resu lts of a subsidence impact study conducted 
at Rend Lake, I l l inois,  where longwal l  coal m in ing  
beneath the reservoir  and adjacent shore l ines 
caused noticeable changes in areas subject to 
i n u ndation . This necessitated additiona l  property 
acqu is it ion , reconsideration of areas qua l ifying  for 
wetland designation , and mod ification of areas 
su itable for lake access and recreational  faci l ities . 
Keyword (s) : coa l m in ing ,  land-use plann ing ,  
envi ron ment, surface water, longwal l ,  active m ines,  
geologic featu res, subsurface water, prediction , 
su rface structural damage 
Location (s) : I l l i nois,  I l l i no is Coal Basin ,  Un ited 
States 
E ltri ngham,  J .  The Reinforcement of Bu i ld ings and 
Their  Foundations Aga inst Min ing S u bsidence . 
Transactions,  I nstitute of M in ing  Eng ineers, v. 66,  
1 923-24, p .  ,zoo-2 1 1 . 
A brick bu i ld ing was successfu l ly constructed 
over an area l iable to subside . The foundations 
were equ ipped with concrete rafts and the 
brickwork reinforced by a band  of steel. 
Keyword (s) : uti l it ies, surface structu ra l damage,  
foundations, construction 
Location (s) : Un ited Kingdom 
Ely, E .  H.  The Design of the Skegby Sewage 
Purification Works to Meet M in ing  S u bsidence . 
Journa l  I nstitute of Publ ic Hea lth Eng ineeri ng ,  v .  
6 1 8, no . 3 ,  1 962, p . 1 46- 1 65 .  
Keyword (s) : uti l ities, eng ineering ,  surface 
structu ral damage 
Emery, C. L .  I n  S itu Measurements Appl ied to M ine  
Design . IN :  Proceedings 6th Symposiu m  on Rock 
Mechan ics, Un iversity of M issouri at Rol la,  1 964, 
E . M .  Spokes and C . R .  Ch ristiansen , eds . ,  p .  
2 1 8-230. 
Th is paper deals with a rock mechan ics study, a 
s imple but characteristic program of meas u rement, 
ana lysis,  and appl ication of data to mine design . 
The mine concerned is an operating  m ine  recoveri ng  
about 4,000 tons per day from a bedded deposit at 
a depth of about 2 ,500 feet in S i l u rian sediments 
overla in by Devonian strata . The mine is developed 
by a room-and-pi l lar  method of m in ing  and,  al­
though min ing  conditions were considered to be 
good, there was a contin uous and s ign if icant 
amount of ma intenance caused by rock movements 
expressed in  floor heaving,  roof spa l l i ng ,  and p i l lar  
deterioration . 
Keyword (s) : mine design ,  rock mechan ics, i n  
situ testing ,  l ab  testing ,  room-and-pi l lar  
Emrick, H.  W .  Establ ishment and Use of Mon itoring  
Networks . IN :  Proceedings Conference on Coal 
Mine Subsidence in  the Rocky Mou nta in Region , 
Colorado Springs, October 28-30, 1 985 ,  J . L. 
Hynes, ed . ,  Colorado Geological Su rvey S pecia l  
Publ ication 3 1 ,  Department of Natural Resou rces, 
Denver, 1 986,  p .  2 1 1 -2 1 4. 
This paper states that modern subsidence 
mon itoring should inc lude the interd isc ipl i nary tools 
from soi ls engineering ,  geophysical eng ineeri ng ,  
geolog ical eng ineering ,  geodetic eng ineering ,  
mathematical and electrical engineering  data 
processing hand l ing,  and model ing methods . The 
main emphasis is on current methodology in  
geodesy and geodyn amics . 
Keyword (s) : soi ls, engineering ,  geophysica l ,  
model ing ,  remote sens ing,  su rvey design ,  su rvey 
equ ipment, survey methods, survey data 
1 1 0 
processing,  mon itor ing design ,  mon itori ng  
equ ipment, mon itoring  insta l lation , mon itoring  
methods, coa l  m in ing  
Emsley, S .  J . ,  J .  W .  S ummers,  P .  Styles . The 
Detection of  S u b-surface M in ing  Related Cavities 
Using  the M icro-Gravity Techn ique .  I N :  CO MA:  
Proceedings of  Symposiu m  on Construction Over 
M ined Areas, Pretor�a ,  May 1 99 2 .  South African 
I nstitution of Civi l  Eng ineers, Republ ic of South 
Africa, p. 27-3 5 .  
T h e  presence o f  m in ing-related cavities i n  the 
rock mass, resu lt ing from past m in ing  activities, 
often leads to restrict ions in  subsequent re-use of 
the land and poses a n umber of problems for futu re 
construction projects . The micro-gravity techn ique  
is  a geophysical method that has been further 
developed to improve its use in  the detection of 
m in i ng-related cavities . 
Keyword (s) : geophysica l ,  abandoned mines, 
remote sens ing ,  seismic, surface structu ra l damage, 
coal  m in i ng  
Location (s ) : Un ited Kingdom 
Enever, J .  R . ,  J .  Shepherd, J .  Hu ntington . An I n it ial  
Mathematical Relationsh ip  Between Underground 
Working  Condit ions and Overlyin g  Su rface 
Topography with Reference to the Western 
Coalfie lds,  N . S .W .  Commonwealth Scientific and 
I ndustria l  Research Organ ization , M inera l  Physics, 
Mount Waverly, Victoria ,  Austra l ia ,  Report 5 ,  1 978 ,  
6 p .  
Keyword (s) : g round control , coal m in ing  
Location (s) : Austra l ia  
Eng ineering  and Min ing Journa l . The F lush ing  
Problem in  the Anth racite Region . v .  88 ,  September 
1 8 , 1 909,  p. 5 64-565 . 
Th is  article describes the danger of su bsidence 
to surface property and a lso covers attempts at 
backfi l l in g .  
Keyword (s) : backfi l l i ng ,  surface subsidence 
damage,  anth racite, coa l m in ing ,  h istorical 
Location (s) : Pen n sylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Eng ineer ing News . Concrete Column Fou ndation for 
a Bu i ld ing Over Coal M ine  Workings .  v. 67,  no .  1 4, 
Apri l ,  1 9 1 2 , p .  633 . 
Th is paper describes the use of 8- to 1 2- inch 
d iameter ca issons and grade beams for support of a 
new home located 30 feet above an abandoned 
mine  in Pen nsylvan i a .  
Keyword(s ) : foundations,  room-and-pi l lar ,  
abandoned mines, eng ineering ,  surface structural  
damage, coal m in ing ,  h istorica l ,  g routing  
Location (s) :  Pen nsylvan ia ,  Appa lach ian Coal 
Region , Un ited States 
Eng ineering  News . More Mine  Cave- I ns  Threaten 
Parts of Scranton . v .  76,  1 9 1 6, p. 280.  
Th is article discusses the  lack of  lega l  respon­
s ib i l ity at that time among mine operators for sur­
face su bsidence damage. 
Keyword (s) :  m ine operation,  law, room-and­
pi l lar, h istorica l ,  coa l m in ing  
Location (s ) :  Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Engineering  News-Record . S u bsurface G rout ing of a 
Hospita l S ite . February 9 ,  1 950.  
This article describes pressu re grouting  
procedu re used by the  U .S . Army Corps of 
Eng ineers to reconsol idate an area beneath a 
proposed hospita l  in Pennsylvan ia .  
Keyword (s) :  grouting ,  abandoned m ines 
Location (s ) :  Pen nsylvan ia ,  Appalach ian Coa l 
Reg ion , Un ited States 
Eng ineering News-Record . Can 't  Dredge the 
Harbor?--Then Lower the Land .  Jan uary 3 1 ,  1 963 . 
A brief description is g iven of a p lanned ,  
control led su bsidence coal m in i ng  operation 
des igned to lower the floor of Du isberg Harbor.  
I nduced subsidence was designed to compensate 
for a 6 . 5  foot water level drop that had reduced the 
efficiency of the harbor operation . 
Keyword (s ) :  surface water, coal  m in ing  
Eng ineering News-Record . Pi l i ng  System S u pports 
Construction Atop Mines .  v. 227,  no .  6, 1 99 1 , p .  
1 9 . 
The owners of a 2 ,000-acre commercia l  and 
residential development i n  B irmi,ngham,  Alabama, 
had to develop a way to su pport the foundation of 
a seven-story, 1 85,000-square-foot bui ld ing,  wh ich 
was part of a $ 1 50,000-mi l l ion project to be bu i lt 
over abandoned coa l mines that once fed steel b last 
fu rnaces . 
Keyword (s) :  abandoned mines,  coal m in ing ,  
foundations, surface structu ra l damage, 
arch itecture, geotechn ica l ,  structu ra l mitigation , 
grouting 
Location (s) :  Alabama, Un ited States 
Eng ineers l ntemationa l ,  I nc .  Criteria for Determin i ng  
When a Body of Su rface Water Constitutes a 
1 1 1  
Hazard to M in i ng .  F ina l  Report on U .S . Bureau of 
M ines Contract J02850 1 1 ,  August, 1 979 ,  3 66 p .  
Keyword (s) : su rface water 
Location (s) : Un ited States 
Eng l ish , J .  Some Notes on Subsidence. I ron and 
Coa l  Trades Review, v .  1 4 1 ,  December 6, 1 940, p .  
5 9 1 . 
Keyword (s) : coal m in ing  
Environmenta l Systems Appl ication Center, I nd iana 
Un iversity. I l l i nois Basin Coal  Plann ing  Assistance 
Project, Coal Resources Fact Book, Volume One .  
Prepared for  U .S . Geological  Su rvey, Reston , VA, 
February 1 983,  in cooperation with I l l inois State 
G eologica l  Su rvey, I nd iana Geologica l  Su rvey, and 
Kentucky G eological  Su rvey, 323 p .  
Kentucky, I l l i nois,  a n d  I nd iana share t h e  vast 
coal resou rces of the Eastern I nterior Coal province 
commonly known as the I l l inois Coal Basin . As the 
Un ited States uses more coa l ,  pressu res to develop 
new resources wi l l  requ i re states and local  com­
m u n ities to p lan and manage comprehensive 
programs .  Although some Basin resou rces have 
been developed for many years, new legislation , 
stricter environ mental controls, increased costs, 
and many local agency requ i rements wi l l  make 
p lan n ing  and management of coal development 
more d ifficu lt than in  the past. 
Keyword (s) : coa l m in ing ,  land-use plann ing ,  
geologic features 
Location (s) : Kentucky, I l l i nois, I nd iana,  I l l i nois 
Coal  Bas in , Un ited States 
Enz ian , C. Hydrau l ic M ine  F i l l i ng .  U .S .  Bureau of 
M ines,  B 60, 1 9 1 3 . 
Th is bu l letin reviews the h istory of hydrau l ic 
mine fi l l i ng  in  active mines and its appl ication for 
fi re contro l ,  roof support, p i l lar  reclamation ,  as wel l  
as d ispos ing  of  spo i l  and  a l leviating  stream 
pol lution . 
Keyword (s ) : roof su pport, room-and-pi l lar, 
hydrau l ic backfi l l i ng ,  economics, environment, min.e 
fires, m ine  waste, active mines 
Location (s) : Un ited States 
Enz ian ,  C. Physica l and Geological Difficu lties of 
Anth racite M in ing  with S pecia l  Reference to 
S u rface Su pport in the Northern or Wyoming Basin . 
Thesis,  Leh igh  Un ivers ity, 1 9 1 3 . 
The thesis d iscusses the geology of the 
anth racite reg ions and the cause of mine caves, 
ana lyzes some prominent mine caves, ind icates 
remedia l  measu res being  taken ,  g ives the resu lts of 
numerous tests on timber, cogs, hydrau l iced cu lm 
and  concrete, and indicates the  solution developed 
for that region . 
Keyword(s) : anth racite, coal m in ing ,  h istorica l ,  
roof su pport, hydrau l ic backfi l l i ng ,  geologic 
features, land m itigation 
Location (s ) :  Wyoming,  Un ited States, Rocky 
Mou nta in  Coal Region 
Enz ian ,  C. Mine Caving Prevented by Hydrau l ic  
Backfi l l i ng . Coa l  Age,  Apri l 4, 1 9 1 4, p .  555 . 
Th is article describes the advantages of 
hydrau l ic backfi l l i ng ,  inc lud ing p i l l a r  rec lamation , 
m ine  waste disposal, and fewer environ menta l  
problems.  
Keyword (s) :  hydrau l ic  backfi l l i ng ,  m ine  waste, 
environment, coa l m in ing  
Esaki,  T . ,  T. Kim u ra ,  K.  Sh ikata . Subsidence and  
Environmental I mpacts i n  Japanese Coa l  M i n in g .  I N :  
Rock Mechan ics a s  a G u ide for Effic ient Uti l i zation 
of Natura l Resources, Proceedings 30th U .S .  
Sympos ium ,  1 98 9 , A.W . Khair ,  ed . ,  Ba lkema,  
Rotterdam,  p .  5 1 1 -5 1 8 . 
Th is paper describes the present condit ion of 
min ing- induced damages in Japan and  their  
characteristics . The change of m in ing  operation and  
environ menta l  condition has caused various s ig­
n ificant impacts on the environment :  su bsidence, 
cave- in ,  spring ing out of g roundwater, etc . The 
characteristics and the inf luences of these 
phenomena are d iscussed by investigation of the 
actua l  conditions and by fu ndamental stud ies .  Some 
cou ntermeasures are a lso i ntrodu ced . 
Keyword (s) : coal m in ing ,  environment, 
subsurface water, active m ines, abandoned m ines, 
rec lamation,  mine waste, structural m itigation ,  l and  
m itigation , geolog ic features, law, h istorica l ,  land­
use plann ing ,  inflow 
Location (s} : Japan 
Esterh u izen,  G.  S .  Model l i ng  of Barrier P i l lars in  
Bord and Pi l lar Workings .  I N :  Proceedings,  
I nternationa l  Congress on Rock Mechan ics, Aachen , 
1 99 1 ,  W .  Wittke, ed . ,  v .  2 ,  p .  1 093- 1 09 7 .  
Barrier p i l lars are designed to iso late production 
sections from one another so that u ncontro l led 
fa i l u re of p i l lars in  one section wil l not affect the 
adjacent workings .  The strength of a continous  
barrier p i l l a r  and the  load i t  carries are requ i red for 
the des ign of barrier p i l l ars . The loading  conditions 
were determined by assuming a s imple model  of  the 
load distribution in the caved and uncaved groun d .  
The resu lts showed that i f  p i l lars fai l  a n d  the 
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overbu rden caves gradua l ly, then the load on barrier 
p i l l a rs wil l not increase s ign ificantly . However, if 
strong  strata a re present i n  the roof then a s ign ifi­
cant increase in  load is poss ib le .  The strength of 
barrier p i l l a rs was fu rther investigated us ing th ree­
d imensiona l  n u merical models and by studyin g  
actua l  col lapsed cases . It  was fou nd that i f  the 
width to he ight ratio is 4 .0, the strength of long 
rectangu lar  p i l lars increases s ignficantly over square 
p i l lars with the same width but if the width to 
he ight  ratio is 1 0 . 0, the strength does not increase . 
Keyword (s} : p i l l ar  strength , model i ng ,  
overburden , coa l  m in ing ,  room-and-pi l lar  
Location (s} : South Africa 
Evans,  D .  W . ,  G .  J .  Cola izz i .  Contro l  of M ine  
S ubsidence Uti l i z i ng  Coal Ash as a Backfi l l  Materia l . 
I N :  Proceedings,  2nd  Conference on G round Control 
in M in ing ,  West Virg in ia  Un iversity, Ju ly 1 9-2 1 ,  
1 982 ,  S .S .  Peng  and J . H .  Kel ley, eds . ,  
Morgantown , p .  2 22-228 . 
A n u m ber of methods exist to provide support 
for the ground  overly ing mines .  Al l  of these 
methods employ some mechan ism for provid ing 
add itiona l  support to either the roof of the mine  or 
the  sides of the p i l lars . S ince fa i l u re usua l ly occurs 
due  to overbu rden stresses transmitted to the roof 
and  p i l l a rs ,  these methods employ tech n iques to 
counteract stresses i nduced due to the coal 
extraction . The app l icabi l ity of any particu lar  
method wi l l  depend on the ava i lab i l ity of backfi l l  
mater ia l ,  the  area l extent  of  the  affected area,  and  
the  cost. The  primary use of  coal ash  for 
subsidence contro l  has been as a backfi l l  materia l  
for  the stabi l ization of  large areas .  
Keyword (s ) :  m ine  waste, hydrau l ic  backfi l l i ng ,  
g rout ing,  coal m in i ng ,  overburden , p i l l a r  strength , 
roof stab i l ity, ground control 
Location (s) : Un ited States 
Evans,  D. W . ,  G .  J .  Cola izz i ,  R. M .  Wood . Program 
Development for Backfi l l i ng  Mines to Prevent M ine  
S u bsidence . I N :  Proceedings,  1 9th Annua l  
Eng ineering  G eology and Soi ls Eng ineering 
Symposiu m ,  Pocatel lo,  I D, March 3 1 -Apri l 2 ,  1 982 ,  
C .W.  Blount, ed . ,  p .  355-364. 
This paper covers the progression of steps 
requ i red to in itiate a backfi l l i ng  program.  These 
steps inc lude the establ ishment of the need for 
remedia l  measu res; the development of a dri l l i ng  
program to  eva luate the  extent of  voids; the data 
search to obta in information; the reduction of data 
obta ined from mine maps, publ ications, and dr i l l ing;  
the development of potentia l  remedia l  actions; and 
u lt imately the backfi l l i ng  requ irements and 
techn iques uti l ized to control the subsidence.  
Keyword (s) : hydrau l ic backfi l l i ng ,  grouti ng ,  
abandoned mines, reclamation,  su rface structural 
damage, land mitigation , geolog ic  features 
Location (s) : Pen nsylvan ia ,  West Virg in i a ,  
Wyoming,  Appalach ian Coal Region , Rocky 
Mou nta in  Coal Reg ion , Un ited States 
Evans ,  G .  S . ,  T.  Ha i lu ,  H .  M .  Weagraff, J .  W .  
Warner, G .  S .  Lowry . The I m pact of Longwal l  
M in ing  on the Hydrolog ic Ba lance; Premin i ng  Data 
Col lection . Contract J02 1 8025,  J .  F. Sato & 
Associates, I nc . ,  U .S .  Bureau of M ines O F R  
1 87-83, 1 983,  1 4 1 p .  ( NTIS PB 84- 1 1 3 1 74) 
Keyword (s) : longwal l ,  hydrology, surface water, 
subsurface water 
Location (s) : Un ited States 
Evans,  I . , D. C. Pomeroy, R. Beren bau m .  The 
Compressive Strength of Coa l .  Col l iery Eng ineeri ng ,  
1 96 1 , v .  38 ,  February, p .  75-80, March , p .  1 23 ,  
Apri l ,  p .  1 72 .  
This series of articles discusses laboratory tests 
on rectangu lar and i rregu lar  l um ps of coal to 
determine  their compressive strengths .  
Keyword (s) : p i l lar  strength , rock mechan ics, l ab  
testing ,  coal m in i ng  
Evans,  I .  D . ,  C .  D .  Pomeroy. The  Strength , Fractu re 
and Workabi l ity of Coa l .  Pergamon Press, New 
York, 1 966, 277 p .  
Keyword (s ) :  ground  control , coal m in i ng ,  p i l lar  
strength 
Location (s ) :  Eng land 
Evans,  J .  A. ,  M.  S .  Lawrence . A Case Study on  
Past Shortwa l l  M in i ng  Methods and  the  R isk  of 
Ground Subsidence in the Lanarksh i re Coa lfie ld,  
Scotland . I N :  Eng ineering  Geology of Underground  
Movements, Geological Society Eng ineering  
Geology Specia l  Publ ication No .  5 ,  F .G . Bel l ,  et  a l . ,  
eds . ,  1 988 ,  p .  337-349 . 
A s ite i nvestigation i nvolv ing arch ival research 
and a borehole dri l l i ng  program was carried out in 
order to assess the risk to surface stab i l ity from 
abandoned sha l low shortwal l  m inework ings at a 
proposed hous ing development s ite . The 
investigations recorded the shortwal l  panels to be 
largely consol idated but also noted that several 
panels had been u ndeveloped with respect to the 
lower seam and that some roadways were confined 
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to the u pper seam . The borehole i nvestigation 
together with the use of down-the-hole c losed­
circu it televis ion a lso confirmed the presence of 
broken g round  and  open voids a long former 
roadway a l ig n ments . A risk to su rface stabi l ity was 
identified from these open voids and development 
constra ints zones are discussed i n  relation to the 
l ikely m i n i n g  methods.  Seam depths,  void heights, 
cond ition  of roof strata and thickness of superfic ia l  
cover are considered i n  the assessment of void 
migration m echan isms aris ing from such a past 
m in i ng  situation . 
Keyword (s) : shortwal l ,  abandoned mines, coal 
m in i ng ,  l and-use p lann i ng ,  surface structu ra l  
damage,  eng ineeri ng ,  geologic featu res, mon itoring  
methods, rock mechan ics, mu ltip le-seam extraction ,  
h istorical 
Location (s) : S cotland 
Evans, R .  T . ,  A .  B .  Hawkin s .  S ign ificance and 
Treatment of  O ld  Coa l  Workings at Llane l l i  Hospita l ,  
South Wales . IN :  G round  Movements and  
Structures, Proceed ings 3rd I nternationa l  
Conference, Un iversity of Wales I n stitute of 
Science and  Tech nology, Cardiff, 1 984, J . D .  
Geddes, ed . ,  Pentech ,  London , 1 985 ,  p .  1 88-206 . 
The geology, past m in ing ,  and  reasons for 
u nderg routin g  a h ospital are discussed . Abandon­
ment p lans  record exten sive workings  i n  the seam 
beneath much of the s ite . Severa l voids were 
encountered dur ing  the investigation,  wh ich 
i nd icated that the coa l seam was overla in  by a 
mudstone and  then a th ick competent sandstone 
h orizon . In  view of the risk of p i l lar  col lapse leading 
to the bridg ing  and  overstressing  of  lateral p i l l ars 
and  fol lowin g  the experience of Bathgate i n  
Scotland ,  it was  considered necessary to 
u n dergrout the a rea on which the structu res were 
to be bu i lt .  1 4,500 tons  of grout were injected into 
3 ,550  h oles . Water i njection tests i nd icated the 
grouting  had been effective, and it is now 
considered that n o  s ign ificant futu re su bsidence 
shou ld take place . 
Keyword (s ) : abandoned mines, coal m in ing ,  
s u rface structu ra l damage, grouting ,  geologic 
features 
Location (s) : Wa les 
Evans, W. H .  The Strength of Undermined Strata . 
Transactions,  I n stitution of M in ing  and Meta l l u rgy, 
v. 50, 1 94 1 ,  p. 475-532 .  
Keyword (s) : rock mechan ics, overburden 
Evans,  W .  H ., T. J .  Jones . An Investig ation of the 
Load o n  Packs at Moderate Depths Part I I .  
Tra n sactions, I nstitute M i n i n g  E n g i n eers,  1 946, v .  
1 05 ,  pt . 6 .  
Keyword (s ) : backfi l l i n g  
Ewy, R .  T . ,  M .  H ood . O ld  Ben N o .  24, S u bsidence 
Ana lys is  a n d  Predictive P rogram, Use r ' s  G u id e .  
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Department of M ateria l  Science a n d  M i n i n g  
E n g i n eeri n g, U n iversity o f  Ca l i fo rn i a, Berkeley, Aprit 
1 98 2 ,  1 1  p .  
Keyword (s) : pred ictio n ,  coal m i n i n g  
Loc ati o n ( s } :  I l l i n oi s ,  Il l i n ois Coal  Basin, Un ite d  
States 
Faddick, R .  R . ,  W .  R .  Eby . S lu rry Backfi l l i ng  of M ine  
Voids in Hanna ,  Wyoming . IN :  Proceedings of 
Symposiu m  on Min ing ,  Hydrology, Sedimentology, 
and Reclamation , December 8- 1 1 ,  1 986,  Lexin gton , 
KY, p .  209-2 1 3 . 
Keyword (s) : hydrau l ic backfi l l i ng ,  abandoned 
mines, coa l m in ing  
Location (s) :  Wyoming ,  Rocky Mounta in  Coal 
Reg ion,  Un ited States 
Faddick, R. R . ,  W. R .  Eby . Effects of S l u rry 
Backf i l l ing--Lessons Learned . I N :  Conference on 
Hydrau l ic F i l l  Structu res, Colorado State University, 
Fort Col l ins ,  August 1 5- 1 8 , 1 988 ,  D .J .A .  Van Zyl 
and S .G .  Vick, eds . ,  ASC E  Geotechn ical  S pecia l  
Publ ication No .  2 1 . 
I n  1 986 the undergrou nd coal  m ine  voids i n  
Han na ,  Wyoming ,  were s l u rry backf i l led to  a l leviate 
subsidence throughout much of the town . The 
project was completed successfu l ly, but in  a 
relative sense,  because it was not without i ts share 
of d ifficu lties . Some of these techn ical  d ifficu lties, 
perta in ing to the fi l l  mater ia l  used , the operation of 
the pipel ine system, and sequence of backfi l l i ng ,  
are d iscussed with the  hope that  they may be 
interpreted as lessons for futu re s lu rry backfi l l i ng  
operations . " 
Keyword (s) :  hydrau l ic backfi l l i ng ,  coal m in i ng ,  
abandoned mines, surface structura l damage 
Location (s) : Wyoming ,  Rocky Mountain Coal  
Region , Un ited States 
Fader, S .  W .  Land Subsidence Caused by 
Dissolution of Sa lt Near Fou r O i l  and  Gas Wells in  
Centra l Kansas . U .S .  Geological Su rvey Water­
Resources I nvestigations 2 7-75,  1 975 ,  28  p .  
Keyword (s) :  surface su bsidence damage,  o i l  
extraction ,  non-metal m in ing  
Location (s) : Kansas, Un ited States 
Fa ig,  W. The Use of Photogrammetry for M in i ng  
Subsidence Determination . Austra l ian Journa l  
Geodesy, Photogrammetry, and S u rveying ,  v .  4 1 , 
December, 1 984, p .  2 1 -3 5 .  
Keyword (s) : su rvey methods, remote sens ing 
Location (s) : Austra l ia  
Fa i rhu rst, C.  Laboratory Test ing of Rock and its 
Relevance to Mine Design . I N :  S M E  Min ing  
Eng ineering  Handbook, v .  1 ,  A .B .  Cummins  and I .A .  
G iven , eds . ,  1 973,  S M E-AI M E, New York, p .  1 3-36 
to 1 3-5 1 . 
The design of eng ineering structures in rock is  
more art than science, particu larly insofar as the 
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behavior of the rock mass is concerned .  This is  
particu la rly true  i n  m ine  design . Progress is being  
made ,  but  currently there are no widely used 
rationa l  design procedu res because of the difficu lty 
of theoretica l  formu lation of the practical problem 
and because of the lack of information on the 
mechan ica l  properties of the rock mass affected by 
extraction . 
Keyword (s) : rock mechan ics, mine des ign,  lab 
testi ng ,  room-and-p i l lar, p i l lar  strength 
Faria  Santos, C. Ana lysis of Floor Stab i l ity in  
Underground  Coal M ines .  Ph . D . Thesis, The 
Pennsylvan ia  State Un ivers ity, 1 988 ,  205 p .  
Keyword (s ) :  floor stabi l ity, coal m in ing ,  in  s itu 
testing ,  lab testing ,  geotech n ica l ,  longwal l ,  room-:­
and-p i l la r ,  i nstrumentation ,  geologic features 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Fari a  Santos, C . ,  Z. T. Bien iawski . F loor Design in  
Underground  Coa l  Mines .  Rock Mechan ics and Rock 
Eng ineeri ng ,  v. 2, n o .  4, 1 989 ,  p. 249-2 7 1 . 
F loor fa i l u re and excessive heave in under­
ground  coal  m ines can jeopardize the stabi l ity of the 
whole structure ,  inc lud ing the roof and p i l lars ,  due  
to d ifferentia l  settlements and red istribution of 
stress concentration s .  Besides, floor fai l u re i s  
detrimenta l  to  hau lageway operation and can lead 
to u nacceptable condit ions of h igh  deformation . 
Thus ,  the design of any underground open ing  must 
consider roof/pi l lar  and floor as one structura l  
system . Th is paper presents gu idel ines for des ign ing 
mine floors, inc lud ing the necessary field and 
laboratory investigations and determin ing  bearin g  
capacity o f  t h e  floor strata . The design methodol­
ogy is  based on a modified Hoek-Brown rock mass 
strength criterion , with modifications to the intro­
duction of the concept of the point of critical 
energy relase to account for the long-term strength,  
the i n cl us ion of tens i le  strength and the adoption of 
a l ithostatic state of stress in the rock mass . Deter­
m in i ng  the d imension less parameters m and s resu lt 
from correlat ions with the R M R  ( rock mass rati ng }  
G eomechan ics Classification . N i ne  case h istories, 
both in  longwal l  and  room-and-pi l lar  coal m in ing ,  
were ana lyzed with the proposed methodology. 
Keyword{s ) :  coal m in ing ,  mine des ign,  floor 
stab i l ity, rock mechan ics, lab testing ,  longwal l ,  
room-and-pi l l a r, p i l lar strength , geotech n ical 
Location (s) : Oh io, Kentucky, West Virg in ia ,  
Appalach ian  Coa l  Reg ion,  Un ited States 
Farmer, I .  W . ,  P .  B .  Attwel l .  A Note on the 
S imi larities Between G round Movement Around 
Soft G round Tunnels and Longwa l l  M in ing  
Excavations .  The  Min ing  Eng ineer, London,  v .  1 34, 
May, 1 975,  p .  397-405 . 
Keyword (s} : longwal l ,  tu nne l l ing ,  geologic 
featu res 
Farmer, I .  W. Case Histories of Settlement Above 
Tun nels in  Clay. I N :  Large G round Movements and  
Structu res, Proceed ings I nternationa l  Conference, 
Un ivers ity of Wales I nstitute of Science and 
Technology, Card iff, 1 977,  J . D .  Geddes, ed . ,  John 
Wiley & Sons,  New York, 1 978 ,  p .  357-37 1 .  
Theoretical and empir ical methods for 
determin ing  ground movement and su rface 
settlement magn itudes above tu nnels in  soft g round  
usua l ly relate the  geometry of  the  settlement profi le 
to the geometry of tu nnel l in g .  The importance of 
the tu nnel construction method and the g rou nd  
deformation mechan ism is often underemphasized . 
Th ree case h istories a re introduced that show how 
construction and soi l  deformation characteristics 
can s ign ificantly affect sett lement. 
Keyword (s) : tu nne l l ing,  soi ls,  model i ng ,  
empi rical model, construction 
Location (s) :  Un ited Kingdom 
Farmer,  I .  W. ,  P .  F .  R .  Altounyan . The Mechan ics of 
G round Deformation Above a Cavin g  Longwal l  
Face . I N : · G round Movements and Structu res, 
Proceed ings 2nd I nternationa l  Conference, 
Un ivers ity of Wales I nstitute of Science and 
Technology, Card iff, 1 980, J .D .  Geddes, ed . ,  John  
Wi ley & Sons, New York, 1 98 1 ,  p .  75-9 1 .  
An examination of contou rs of vertica l  stra i n  
computed from th ree investigations of  g round  
deformation beh ind caving longwal l  faces shows 
that an  extens ive zone of fractured and d i l ated rock 
is created above the caved area . The boundaries of 
the fractured zone and the magn itude of res idua l  
d i lation thorughout the zone a re strongly influenced 
by the l ithology of the overlying  strata . 
Keyword (s} : longwal l ,  overburden , rock 
mechan ics, coal m in ing,  instru mentation 
Location (s) :  Un ited Kingdom 
Farmer, I .  W.,  X .  Tan .  Outbursts and Rockbursts in  
Coa l  Mines .  I N :  Proceedings 7th I nternationa l  
Conference on Ground Control in M in ing ,  
Morgantown , WV, August 3-5,  1 988 ,  S .S .  Peng ,  
ed . ,  Department o f  Min ing  Eng ineering ,  West 
Virg in ia  Un iversity, p. 228-23 3 .  
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A description of the factors caus ing outbursts 
and  rockbursts in coa l mines is g iven . The 
mechan ics of both outbursts and rockbursts can be 
described in  terms of conversion of stored stra in  
energy in  the coa l  and surround ing  rocks into 
k inetic energy th rough  fa i l u re .  The major d ifference 
between the two phenomena is that gases ad­
sorbed onto the coa l structu re and desorbed duri ng  
deformation contribute to  the energy avai lable 
d u ri ng  outbursts and may a lso affect the load ing 
and  u n load ing  characteristics associated with 
fa i l u re .  The amount of energy involved and the type 
of phenomenon are related principa l ly to gas 
content, depth , and rock behavior.  
Keyword (s} : rock mechan ics, coal m in ing ,  
bu m ps 
Farquar, G .  B . ,  B .  J .  Douglas . R isk of Mine Related 
S u bsidence at Ocean View. I N :  Proceedings 6th 
Austra l ia-New Zea land Conference on 
Geomechan ics, Ch ristchu rch , February 3-7,  1 992 ,  
New Zea land G eomechan ics Society, p .  236-24 1 . 
A su bsidence p it appeared in Ju ly 1 99 8  in a 
residentia l  a rea of Ocean View, New Zea land,  
above a 1 00-year-old abandoned coa l  m ine .  The 
extent of the m ine  and its condition were investi­
gated . Weak overburden strata and a deterioratin g  
and flooded m i n e  were revealed . M i n e  roof fa i l u re 
and  subsequent subsidence of sandy gravel 
m ig ratin g  u pwards to form a crown hole  a re con­
sidered to have caused the surface movement.  
S im i l a r  conditions were observed nearby. 
S u bsidence r isks have been assessed . 
Keyword (s) : abandoned m ines, coal m in ing ,  
su rface su bsidence damag.e 
Location (s } :  New Zealand 
Farra n ,  C .  E .  The Effect of Min ing Subsidence on 
Lan d  Dra inage .  Journa l  I n stitute Water Eng ineeri ng ,  
v .  6 ,  no .  7 ,  1 952 ,  p .  482-503 . 
Th is  paper d iscusses the effects of longwal l  
m in ing su bsidence on flat, low-lying  land in  
Eng land . 
Keyword (s} : su rface water, longwal l  
Location (s } :  Eng land 
Fau lkner, R .  Roof Control in the Arley Sea m .  
Transactions,  I nstitute o f  M i n i n g  Eng ineers, v .  8 1 ,  
1 930-3 1 ,  p .  507-524; v .  84, 1 932-33, p .  57-77,  
405 . 
Th is a rticle d iscusses observations of roof 
fa i l u re in longwal l  m ines having sha le roofs . 
Keyword (s) : roof stabi l ity, longwal l  
Fawcett, A .  H . ,  J r . ,  J .  Aamot. Economic and Socia l  
I nd icators With Reference to Land  Use in 
Subsidence-Prone Areas in Northeastern 
Pen nsylvan ia . v .  2, May, 1 975,  42 p. ( NTIS PB 273 
9 1 8 } 
Keyword (s} : land-use plann ing ,  economics 
Location (s) : Pennsylvan ia ,  Appa lach ian Coal 
Region,  Un ited States 
Fawcett, A. H .  Jr . ,  J .  Marcou . Economic and Socia l  
I nd icators with Reference to Land Use in 
Su bsidence-Prone Areas i n  Northeastern 
Pen nsylvan ia . Volume I .  G enera l  F ind ings a n d  
Recommendations .  Appalach ian Reg iona l  
Commission Report ARC-73- 1 63-2556- 1 ,  May 
1 975,  1 50 p .  ( NT IS  PB-273 9 1 7) 
Th is report inc ludes an inventory and ana lysis 
of socioeconomic and land-use data for a seven­
county region covering most of the Anth racite 
Reg ion of northeastern Pennsylvan i a .  Condit ions of 
potential  land subsidence due to underg round  coal ­
mine col lapse are related to land-use and other 
settlement characteristics . The authors conclude 
that land-use plann ing  a lone cannot provide a 
defin itive solution to the problem of potentia l  
subsidence damage, but must be combined with 
appropriate bu i ld ing regu lations, stabi l ization , and 
insurance programs, as well as effective state 
pol icy. 
Keyword (s } :  coal m in ing ,  anth racite, land-use 
p lann ing ,  insurance, subsidence research , 
environment, abandoned mines 
Location (s } :  Pen nsylva n ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Fayal ,  M .  Sur  les mouvement de terrain provoqu es 
par l 1 exploitation des m ines ( Effects of Coal M in i ng  
on the  Su rface } .  Bu l letin de la Societe de l 1 l ndustrie 
M inera le, I I  Serie, Tome 1 4, 1 88 5 .  Partia l  
trans lation by  H .  F .  Bu lman,  Col l iery Eng ineering ,  v .  
33 ,  1 9 1 3 , p .  548-552,  6 1 7-62 2 .  
Keyword (s} : roof stabi l ity, mine des ign,  surface 
su bsidence damage, ground contro l ,  coa l m in ing  
Federal Register .  Coal M in ing  Operat ing 
Regu lations .  May 1 7 , 1 976,  C . F  . R .  2 1 1 :  Federa l 
Reg ister, v .  4 1 , n o .  96,  p .  2026 1 -20273 .  
Keyword (s } :  m ine operation , coa l m in i ng ,  law 
Location {s) : Un ited States 
Federal Register .  Coal Management, Proposed 
Ru lemaking .  Part I l l , March 1 9 , 1 980, U . S .  
Department o f  I nterior, Bureau o f  Land 
1 1 7 
Management, Washington,  D .C . ,  v .  44, no .  54, p .  
1 6800- 1 6845 . 
Keyword (s ) : l aw, coal m in ing  
Location (s ) : Un ited States 
Federa l Reg ister .  Permanent Regu latory Program :  
S u bsidence Contro l ,  Concu rrent Operations and 
Contemporaneous Reclamation . Office of Surface 
M in i ng  Reclamation and Enforcement, F ina l  Ru le,  
Part V I I ,  v .  48,  no . 1 06,  June 1 ,  1 983,  p .  24638-
246452 .  
Keyword (s} : law 
Fedorowicz, L., J .  Federowicz . Wal l  Structu res 
Affected by the Static Effects of M in ing  Operations .  
I N :  G round  Movements and Structures, Proceedings 
4th I n ternationa l  Conference, University of  Wales 
Col lege of Card iff, J u ly 8- 1 1 ,  1 99 1 ,  J .D .  G eddes, 
ed . ,  Pentech Press, London,  1 992,  p.  370-382 . 
The authors of th is  paper have been dea l ing  for 
severa l years with the problem of adaptation of tlie 
n u m erical method of r ig id f in ite e lements for the 
purpose of calcu latin gthe fol lowi n g :  bu i ld ings 
subjected to bend ing  and twisting,  a l lowing  for  their  
two- or th ree-d imensional  statica l behavior; and 
floatin g  foundations,  a l lowing  for the interaction of 
the superstructure and su bstructure, when exposed 
to the effects of the horizonta l  compression and 
extension of the ground at the s ite . 
Keyword (s ) : su rface structura l damage, coa l 
m in ing ,  f in ite e lement, model ing ,  foundations, 
h orizontal d isp lacement 
Location (s } : Poland 
Fejes, A.  J . ,  R .  D .  Dyn i ,  J .  A .  Magers, L.  B .  
Swatek. Su bsidence I nformation for Underground 
M ines--Literature Assessment and An notated 
Bib l iography U . S .  Bureau of Mines IC 9007, 1 985,  
8 6  p .  
The purpose of th is report i s  to provide min ing  
i ndustry person nel and reg u latory authorities with a 
subsidence reference l ist and annotated bibl iogra­
phy that wil l  a id them in  locating subsidence in­
formation and in  develop ing their own subsiden ce 
information sources . 
Keyword(s) : l iterature search ,  subsidence 
research 
Fejes, A. J. Su rface Su bsidence Resulting  from 
Longwal l  M in i ng  in Central Utah--A Case Study. I N :  
Research & Eng ineering Appl ications in  Rock 
Masses, Proceed ings 26th U . S .  Sympos ium on 
Rock Mechan ics, South Dakota School of Mines & 
Tech nology, Rapid City, J u ne 2 6-28 ,  1 985 ,  E .  
Ashworth , ed . ,  Balkema, Rotterdam,  p .  1 97-204 .  
Th is  paper summarizes the  resu lts of  a 5-year 
subsidence study performed over fou r  adjacent 
longwal l  panels in  Uta h .  The objectives of th is  
program were to determine the magn itude, rate, 
and areal extent of su rface su bsidence from 
longwa l l  m in ing  under the geologic and min ing  
conditions commonly found  in the western Un ited 
States . The data were col lected from th is site to 
evaluate the appl icabi l ity of existing  prediction 
methods to conditions in  the western Un ited States 
and,  if necessary, to develop new or modified 
prediction techn iques .  
Keyword (s) : longwal l ,  pred iction , mon itor ing 
insta l lation ,  survey design , profi le fu nction ,  
empir ical model, Nationa l  Coa l  Board, vertical 
disp lacement, surface su bsidence damage 
Location (s) : Utah ,  Rocky Mou nta in  Coal Reg ion ,  
Un ited States 
Fejes, A. J .  Surface Subsidence Over Longwa l l  
Panels in the  Western Un ited States . U .S .  Bu reau of 
Mines IC 9099 ,  1 986,  2 1  p .  
This study was d irected toward develop ing the 
capabi l ity to est imate the surface subsidence 
resu lt ing from longwal l  m in ing  in a geolog ic, 
topographic,  and min ing  environ ment common to 
coalfields in  the western Un ited States . 
Keyword (s ) :  geolog ic featu res, longwal l ,  
i nstrumentation , mon itori ng  design ,  mon itori ng  
methods, mon itoring insta l lation , mon itorin g  
equ ipment, survey design ,  su rvey equ ipment 
Location (s) :  Utah ,  Rocky Mounta in  Coal Reg ion ,  
Un ited States 
Fen k, J. Moegl ich keiten zu r  Bestimmung  der 
Beanspruchung des Haupthangenden a ls  
Abbaufolge ( Poss ib i l ities of Determin ing  Stresses in  
Overburden Strata Caused by Min ing  Sequence) . 
Neue Bergbautechn ik ,  v .  2 ,  August, 1 97 2 ,  p .  
60 1 -606 . 
Keyword (s) :  instru mentation,  overburden 
Fen k, J. Model ing of Smal l ,  Local ized S u rface 
Subsidence . Neue Bergbautech n ik, v. 7, n o .  6, 
Ju ne, 1 977,  p. 4 1 4-4 1 7 . 
Keyword (s ) :  model ing 
Ferguson , P . A .  Longwal l  Min ing Systems and 
Geology. Min ing Congress Journa l ,  v .  57 ,  no.  1 2 , 
1 97 1 ,  p .  32-3 5 .  
1 1 8 
Production may approach one mi l l ion tons per 
year from one longwal l  m ine, accord ing to the 
resu lts of th is  research . Several methods of roof 
support were developed, inc lud ing yieldable arches, 
yie ldable legs and beams, and roof trusses . 
Keyword (s ) :  coal m in ing ,  longwal l ,  yie ld ing 
supports, roof support 
Location {s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Fernandez-Rubio,  R . ,  ed . Fi rst World Congress of 
Water in  M in ing  and Underground Work. S IAMOS, 
September 1 8-22,  1 978 ,  G ranada,  Spa in ,  1 550 p .  
Water problems i n  m in ing  a n d  underground 
work appear a lmost as a cha l lenge .  Therefore, 
or ig ina l  i nvestigation techn iques and methodolog ies 
a re requ i red . In many cases accu mu lated ex­
perience, in  very different environments, has an 
extraord inary va lue .  These problems are frequent 
and often complex .  Many techn ic ians and scientists 
have good experience in th is field .  However, th is 
pub l ication is the fi rst one that tries to un ite th is 
experience in  a world-wide participation . Contribu­
t ions of specia l ists from 24 cou ntries are inc luded , 
therefore th is  publ ication is of strong  interest for 
everybody connected to m in ing ,  civi l  eng ineering ,  
geology, hydrogeology, and ecology . Volu mes I and 
I I  conta in  the fu l l  text of  the selected papers (70% 
in  Eng l is h ) ,  with an  Eng l ish ,  French , and Span ish 
summary, class ified i n  s ix top ic sections .  
Keyword (s) : subsurface water, coal m in i ng ,  
hydrology, geologic featu res 
Location (s) : I nd ia ,  Austra l ia ,  I l l inois,  I l l i nois Coal 
Bas in ,  Un ited States 
Fernando,  D. A. Review of Su bsidence and 
Stabi l i zation Tech n iques .  I N :  M ine  I nduced 
S u bsidence : Effects on Eng ineered Structures, 
Proceedi ngs of the Symposium,  Nashvi l le,  TN, May 
1 1 , 1 98 8 ,  ASC E  G eotechn ical S pecia l  Publ ication 
No .  1 9 , p. 1 89-206 . 
Th is paper a ims to review the causes of 
su bsidence and the techn iques used to m in im ize its 
effect on structu res . Also, more economic 
a lternative methods of ground stab i l ization 
tech n iques are described and proposed , to be used 
in th is area of ground eng ineering . 
Keyword (s) : coal m in ing ,  longwal l ,  abandoned 
m ines,  land-use plann ing ,  g routing ,  partial 
extraction ,  pred iction theories, fou ndations,  mine 
waste 
Location (s) : Un ited Kin gdom 
Ferrari , R .  Predicting the Un predictab le .  I N :  
Proceedings 2nd I nternationa l  Conference on  
Construction in Areas of  Abandoned Mine  
Workings, Ed inburgh ,  1 98 8 .  
Keyword (s) : abandoned mines, prediction , land­
use plan n ing 
F in lay, J . ,  A .  Winstan ley . I nteraction of  Longwal l  
Workings .  Transactions, I nstitute of  M in i ng  
Eng ineers, v .  87 ,  1 933-34, p .  1 72- 1 89;  v .  8 8 ,  
1 934-35 ,  p .  24, 298 ,  4 1 5 .  
I nvestigations were made i n  two beds of coal 
separated by 7 1  feet of rock and mined 2 years 
apart by the longwa ll method . 
Keyword (s) : longwal l ,  mu ltip le-seam extraction ,  
coal m in ing  
F ino l ,  A . ,  S .  M.  Farouq Al i .  Numerical S imu lation of 
O i l  Production With S imu ltaneous G round 
S ubsidence . Journa l  of  the Society of  Petroleum 
Eng ineers, v .  1 5 , October, 1 97 5 ,  p .  4 1 1 -424. 
Keyword (s) : model i ng ,  o i l  extraction 
Fischer, W. G . ,  S.  R.  Felde . Fou r- North Pane l ,  A 
Bold Experiment in Roof Deflection . M in i ng  
Eng ineering ,  Apri l ,  1 966, p .  63-67 . 
This m in ing  system leaves smal l  yie ld ing p i l lars 
that are meant to deform plastical ly and produce 
control led subsidence. Conventiona l  room-and-p i l lar  
min ing equ ipment is used with longwal l  roof 
supports . 
Keyword (s) : longwal l ,  shortwal l ,  room-and­
pi l lar, roof su pport, roof stabi l ity, mine design ,  
yield ing su pports 
Location (s) : Un ited States 
Fischer, W. G .  Time Dependent Subsidence 
Behavior at a G reen R iver Trona Mine .  I N :  Mine 
Su bsidence, M . M .  S ingh , ed . ,  Society of  Min ing 
Eng ineers Fal l  Meeting ,  September, 1 98 6, St .  
Lou is ,  MO,  SME,  Littleton,  CO, p .  1 1 1 - 1 1 6 . 
Equations developed by an  early researcher in  
subsidence, F .  Martos of  H u ngary, have been 
s l ightly modified to produce effective equations for 
predicting  the t ime-dependent nature of G reen R iver 
trona mine su bsidence .  Fol lowing the i n itia l  study, a 
su rvey was run to check the resu lts 20 years after 
m in ing  of the area had been completed . The fina l  
resu lts were with in  a few centimeters of  the  va l ue  
th at h ad been projected . M in i ng  conditions in  the 
G reen R iver area are ideal for th is sort of study with 
trough type subsidence be ing the surface man ifes­
tation of h igh  extraction underground room-and­
p i l la r  caving operations .  
1 1 9 
Keyword (s) : t ime factor, prediction,  pred iction 
theories, non-meta l m in ing  
Location (s) : Wyoming,  Un ited States 
F isekc i ,  M .  Y. Strata Control I n stru mentation for 
Coal M ine  Design  with Special  Reference to 
Hydrau l ic M i n in g .  I N :  S ite Characterization,  
Proceedings 1 7th U .S .  Sympos ium on Rock 
Mechan ics, Snowbi rd ,  UT, August 25-27,  1 97 6, 
W . S .  Brown, S .J .  G reen , and W .A .  Hustru l id,  eds . ,  
Un iversity o f  Utah , Sa lt Lake City (abstract o f  oral 
p resentation ) ,  1 p .  
The paper d iscusses the recent development i n  
strata contro l  i nstrumentation to meet the requ i re­
ments of fast moving  faces of hydrau l ic min ing  in  
th ick and  steep coa l  seams .  The paper further 
points out that much more effective use can be 
made of exist ing knowledge to meet the chang ing 
strata control requ i rements of  the coa l  industry. 
Keyword (s ) : coal m in i ng ,  g round contro l ,  
i nstrumentation 
Fisekci, M .  Y., A .  Ch rzanowski ,  B .  M. Das,  G .  
Larocqu e .  S u bsidence Stud ies i n  Th ick and Steep 
Coal Seam M i n i n g .  I N :  Proceedings 1 st An nua l  
Conference on G round Control in M in ing ,  West 
Virg i n i a  U n iversity, Morgantown , Ju ly 27-29,  1 98 1 ,  
S . S .  Peng ,  ed . ,  p .  2 30-238 .  
Th is  paper concentrates o n  subsidence 
measu rements appl ied over the thick and steep 
seam min ing  in  the Rocky Mountains Region of 
Western Canada . The studies to date ind icate that 
two n ew subsidence mon itori ng tech n iques appear 
to be the most su itable methods for these con­
d itions .  The computerized telemetry and aerial 
photogrammetry systems are being tested for the 
rel iab i l ity of the systems during the winter months 
with in  the network of laser surveying  over the 
workings of the new hydrau l ic m ine .  
Keyword (s) : coal m in ing ,  mon itoring methods, 
mon itor ing equ ipment, remote sens ing,  survey 
methods 
Location {s) : Canada 
F isekc i ,  M. Y. , C. Chrzanowski . Some Aspects of 
S u bsidence Mon itoring  in  D ifficu lt Terra in  and 
C l imate Cond itions of Rocky Mounta ins Western 
Canada . I N :  Proceed ings, Workshop on Su rface 
S u bsidence Due to Underground Min ing ,  
Morgantown , WV,  November 30-December 2 ,  
1 98 1 ,  S . S .  Peng and M.  Harth i l l ,  eds . ,  Department 
of M in i ng  Eng ineeri ng ,  West Virg i n ia Un iversity, 
1 982 ,  p .  1 82- 1 96 .  
Subsidence measurement methods, appl ied 
over the thick and steep seam min ing  in the Rocky 
Mounta ins  Region of Western Canada are 
described . The studies to date ind icate that two 
new su bsidence monitori ng  techn iques appear to be 
the most su ited methods for these condition s .  The 
computerized telemetry and aer ia l  photogrammetry 
systems are being  tested for rel iab i l ity du ri ng  the 
winter months with in  the network of laser  sur­
veying over the workings of the new hydrau l ic  
mine .  
Keyword (s) :  monitoring design ,  mon itoring  
equ ipment, mon itoring instal lation , mon itor ing 
methods, instru mentation 
Location (s ) :  Canada, Rocky Mou nta in  Coal  
Region 
Fisher, A.  E.  J.  Aspects of I n-Seam Development 
for S u bsequent Fu l l  Extraction . I N :  Annua l  
Conference, Austra lasian I nstitute of  M in ing  and 
Meta l l u rgy, May, 1 97 6, p .  337-344. 
Keyword (s) :  mine design ,  coa l m in ing  
Fitzpatrick, D .  J . ,  D .  J .  Redd ish , B .  N .  Wh ittaker .  
Studies of  Surface and Sub-Su rface G round 
Movements Due to  Longwa l l  M in ing  O perations .  I N :  
Proceedings 2nd Workshop o n  Surface S u bsidence 
due to Underground Min ing ,  Morgantown,  WV, 
June 9- 1 1 ,  1 986,  S .S .  Peng ,  ed . ,  West Virg in i a  
Un iversity, p .  68-77 . 
This paper reviews current m in ing  subsidence 
research at the Department of M in ing  Eng ineeri ng ,  
Un iversity of  Nottingham.  Special  attention is bein g  
devoted t o  prediction of grou nd movements 
between the min ing horizon and the su rface us ing 
physical and computer-based models .  The paper 
d iscusses l inear  and non-l inear f in ite element 
methods and compares resu lts with those from 
physical models and field observations .  Specia l  
attention is focused on the determination of the 
effect of caved zones on overlying and u n derly ing 
geological structu res . The paper presents data from 
comparisons with case h istories from the Un ited 
Kingdom . 
Keyword (s) : model ing,  computer, geologic 
features, fin ite element, Nationa l  Coal Board , coal  
m in ing ,  su bsidence research ,  prediction ,  pred iction 
theories, overbu rden 
Location (s) : Un ited Kingdom 
Fitzpatrick, D .  J .  Model l ing of M in ing  Su bsidence 
Mechan isms and Prediction of G round Movements . 
Ph . D .  Thesis, Un iversity of Nottingham,  Un ited 
Kingdom, 1 98 7 .  
1 20 
Keyword(s) : model ing ,  prediction ,  coal m in ing  
Location (s ) :  Un ited Kingdom 
Flaschentrager, H.  Cons iderations on G round 
Movement Phenomena Based on Observations 
Made in  the Left Bank  Lower Rhine Region . I N :  
Proceedings, Eu ropean Congress o n  G round 
Movement, Leeds, Eng land,  Apri l 9 - 1 2, 1 95 7 .  
London Harrison ,  1 957,  p .  5 8 -73 . 
Th is paper presents research conducted to 
study the i nf luence of incomplete convergence at 
the edge of workin gs on surface su bsidence.  Data 
were col lected in  Germany from mines where 
backfi l l i ng  was used . 
Keyword (s) : vertical d isplacement, t ime factor, 
pneu matic backfi l l i ng ,  stowing,  model ing,  empirical  
model ,  influence function 
Location (s) : G ermany 
F laschentrager, H. Consideration on G round 
Movement Phenomen a .  Col l iery Eng ineering ,  v .  35,  
1 958 ,  p .  342-350, 3 9 1 -3 9 7 .  
I n  th is  paper, t h e  author sought t o  clarify the 
inf luence of the rib-side (or sol id coal s ide) with 
i ncomplete convergence on movements at the 
su rface . Startin g  with measurements in  the face 
cavity, the conception of the face convergence 
curve is developed . I ts s ign ificance is demonstrated 
from various  examples . The l im it ang le is not 
changed by the face convergence a l ready occurr ing 
i n  the coal  in  front of the working  face and,  con­
sequently, there is  no  need for a d istinction 
between the theoretical and practical l im it ang les . 
F ina l ly, the time factor for u nderground and surface 
was discussed from various examples . 
Keyword (s) : g rou nd control ,  coal m in ing ,  time 
factor 
F leming,  R .  M .  S u bsidence from a Min ing 
Eng ineer 1 s  Point of View. Append ix A to the Report 
of the S u bsidence Committee, Pennsylvan ia  Genera l  
Assembly, Leg is lative Journa l ,  1 957,  p .  
4249-42 5 2 .  
Th is appendix reviews t h e  problems of 
su bsidence from anthracite and bitu minous m in i ng .  
Keyword (s) : eng ineering ,  government, law, coal 
m in ing ,  anth racite, bitu minous 
Location (s) : Pen nsylvan ia, Appalach ian Coal 
Region , Un ited States 
F lowers, A. E. P lans for Long ,  Productive Life . Coa l 
Age, v .  62,  n o .  2 ,  1 957 ,  p .  77-83 . 
Keyword (s ) : coal m in ing  
Fol l i ngton,  I .  L . ,  A .  K. Isaac . Fa i l u re Zone  
Development Above Longwa l l  Panels . M in i ng  
Science and  Technology, v .  1 0, n o .  1 ,  January, 
1 990, p. 1 03- 1 1 6 . 
The control led development of fa i l u re zones 
above longwal l  panels is necessary for maintenance 
of production and safety of person nel . This is 
particu larly so where aqu ifers exist above and in 
re lative proximity to coal faces . A brief review of 
fi n ite element model ing  of strata surround ing  m in ing  
excavations is presented . Particu lar  emphasis is  
g iven to determination of input data requ i red for the 
model ing tech n ique .  I n  th is, attention is focu ssed 
upon various methods of rat ing of the rock mass . 
Keyword (s) : overburden , longwa l l ,  subsurface 
water, coal m in ing ,  f in ite element, model i ng ,  rock 
mechan ics 
Location (s) :  Un ited Kingdom 
Fol l i ngton ,  I .  L . ,  A .  K.  Isaac .  A Coalface Roof 
Fa i l u re Mechan ism Beneath Strong Bridg ing Strata . 
M in ing  Science and Technology, v .  1 0, n o .  2 ,  
March , 1 990, p .  1 1 7- 1 2 6 .  
A n  investigation i nto powered support 
performance and strata behaviou r  at Cotgrave 
Col l ierty fol lowed d ifficu lties encountered in  roof 
control at a h igh  production coa l face . 
Keyword (s ) :  roof stabi l ity, overburden , geologic 
features, ground control 
Location (s) : Un ited Kingdom 
Fol i ington ,  I .  L . ,  P .  Garritty, A. Dutton . 
Geotechn ica l Aspects of Longwa l l  Coal M in ing  at 
Cook Col l iery, Queensland .  I N :  Computer Methods 
and Advances in Geomechan ics, Proceedings 7th 
I nternationa l  Conference, Cairns, OLD Austra l ia ,  
May 6- 1 0, 1 99 1 ,  v .  2 ,  G .  Beer, J . R .  Booker and 
J . P . Carter, eds . ,  Ba lkema, Rotterdam,  p .  
1 3 1 9- 1 326 .  
Th i s  paper describes the  find ings of an  
investigation undertaken to  determ ine the 
geotechn ical conditions and strata response to 
longwal l  m in ing .  The panel around wh ich the study 
was based was the first longwal l  operation 
u ndertaken at th is col l iery and only the second 
longwal l  i nsta l lation in  Queens land . There were two 
main parts to the work: in s itu mon itoring and 
materia l  testing . The in s itu mon itor ing was 
u ndertaken in  the maingate and ta i lgate roadways 
dur ing passage of the longwa l l  face . The 
i nstru mentation employed inc luded roof 
extensometers, convergence mon itors, and stress 
cel ls . The material  testing was carried out on a 
1 2 1 
range of samples obta ined from a cored hole and 
from bu lk  samples col lected u nderground .  
Keyword (s) : rock mechan ics, lab testing ,  in  situ 
testing ,  longwal l ,  active mines, instrumentation,  
coal  min ing,  mon itoring  equ ipment, mon itori ng  
methods, geotechn ica l  
Location (s ) :  Austra l ia  
Fonn er,  R .  F . ,  J .  H .  Reynolds . OSM Fairmont, WV, 
M ine  S u bsidence Study: Core Dri l l i ng  West Virg in ia 
G eological  and  Econo mic Su rvey Open F i le Report 
No .  79-3 , J u n e  22 ,  1 979 ,  for U .S . Bureau of 
M ines,  2 6  p .  
F ive N X  core holes were dr i l led a t  Fairmont, 
WV, to i nvestigate surface subsidence and 
determine  geolog ic condit ions above an old m ine .  
The area of  su rface subsidence was expected to 
increase as roof-fa l l ,  cave- in , and weathering 
processes conti nued .  Bedrock over large coal  p i l l a rs 
and  i n -p lace blocks of coa l appeared relatively 
sou n d  and  u ndistu rbed, whi le bedrock over old m ine  
voids was broken . 
Keyword (s) : su rface structu ral damage, 
a bandoned m ines,  geologic featu res, overburden,  
geotechn ica l ,  coa l  min ing,  rock mechan ics, so i l  
mechan ics 
Location (s } :  West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Fonner, R .  F . ,  J .  S. McCol loch , C. P. Messin a .  
Core-Dri l l  Logs for SOM M i n e  S ubsidence Study, 
Duncan  H i l l ,  C larksburg ,  West Virg in ia . West 
Virg in ia  G eological  and Economic S u rvey Open F i le 
Report No. O F80 1 3 , September, 1 980, for U . S .  
Bureau of M ines, 1 1  p .  
The logs of th ree core-dr i l l  holes, with 
photographs of the rock cores and interpretive 
remarks, are presented to the USBM for their mine 
subsidence stud ies in  the vicin ity of Duncan H i l l ,  
C larksburg ,  West Virg i n ia . The holes were dri l led 
th roug h  a bandoned mines in  the Pittsburgh Coal 
d u ri ng  August 1 980.  
Keyword (s) :  coa l m in ing ,  abandoned mines, 
geologic featu res, overburden 
Location (s ) :  West Virg in ia,  Appalach ian Coal 
Reg ion , Un ited States ' 
Fookes, P .  G .  Land  Eva luation and S ite Assessment 
( Hazard and Risk) . I N :  Plann ing  and Engineerin g  
G eology, Proceed ings 2 2 n d  An n ual  Conference,  
Eng ineering  G roup  of the G eological Society, 
Plymouth Polytech n ic ,  September 8- 1 2, 1 986,  
M . G .  Cu lshaw, et  a l . ,  eds . ,  The Geological Society, 
London,  1 987 ,  p .  2 73-282 . 
Th is paper d iscusses the probab i l ity of n atu ra l  
hazards of various k inds ( i nc lud ing  mine  
subsidence), and efforts to  map and  predict these 
hazards . 
Keyword (s) : land-use plann ing  
Foose, R .  M .  Mine Dewateri ng  and  Recharge i n  
Carbonate Rocks Near Hershey, Penn sylvan ia . I N :  
Engineering  Geology Case H istories N u mber 7 ,  
Legal  Aspects of Geology i n  Eng ineeri ng  Practice,  
Division of Eng ineering Geology, Geological  Society 
of America, Bou lder, CO, 1 969,  p .  45-60. 
Keyword (s) : subsu rface water, hydrology 
Location (s) : Pennsylvan ia ,  Appalach ian  Coal 
Region , Un ited States 
Forde, M. C . ,  B. H .  V. Topp ing ,  H .  W .  Wh itti n gton . 
Mineworkings 84:  Proceedings of the I nternationa l  
Conference on Construction i n  Areas of  Abandoned 
Minework ings .  Eng ineeri ng  Techn ics Press, 
Ed inburgh ,  1 984, 286 p .  
Keyword (s) :  abandoned mines ,  construction ,  
eng ineering ,  arch itecture, surface structu ral 
damage, land-use p lann ing  
Forrester, D .  J .  An I nvestigation I nto the Effect of 
Undermin ing Col l iery Spoi l  Heaps . Ph . D .  Thesis,  
Un ivers ity of Nottingham,  Eng land ,  1 974, 72 p .  
Keyword (s) : mine waste, coal m in ing  
Location (s) : Un ited Kingdom 
Forrester, D. J . ,  B .  N. Wh ittaker .  Effects of M in i ng  
S u bsidence on Col l iery Spo i l  Heaps . I .  M in i ng  
Su bsidence and Geotechnica l  Aspects of  S poi l  
Heaps and Their  Fou ndations .  I I .  Deformationa l  
Behavior of  Spoi l  Heaps Dur ing Undermin ing .  
I nternationa l  Journa l  o f  Rock Mechan ics a n d  M in i ng  
Science & Geomechan ics Abstracts, v .  1 3 , n o .  4 ,  
1 976, p .  1 1 3- 1 20, 1 2 1 - 1 33 .  
M i n i n g  subsidence principles are reviewed with 
reference to surface displacement and stra in . S ite 
con.dit ions and local geology are discussed in  
re lation to fou ndation ena ineering  problems that a re 
associated with surface structu res, especia l ly 
col l iery spoi l  heaps .  The geotechn ical  aspects of 
spoil heap fou ndations are examined .  Spoi l  heap 
structu res and the inf luence of  formation meth od 
are discussed , and specia l  mention is made of 
known su bsidence effects that are associated with 
spoil heaps . A classification of methods of 
investigating su bsidence effects on spoi l  heaps is 
presented . 
Keyword (s ) :  mine waste, rock mechan ics, 
geotechn ica l ,  geolog ic featu res, ang le of d raw, t ime 
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factor, fou ndations ,  vertical d isp lacement, 
horizontal d isp lacement 
Location (s) : Un ited Kingdom 
Forrester, D. J . ,  T .  R .  C. Aston . A Review of Min ing  
S u bsidence I nstru mentation and its Potential  
Appl ication for Seabed Mon itori n g .  M in ing  Science 
and  Tech n ology, v .  4, 1 98 7 ,  p .  225-240 . 
Extraction of the extensive m inable coal 
reserves in the offshore portion of the Sydney 
Coalf ield i n  Nova Scotia is constra ined by the 
amou nt of su bsidence generated at the seafloor.  
F ie ld-proven u ndersea subsidence gu idel ines are 
therefore requ ired to a l low the optimal  recovery of 
these reserves without producing  u nacceptable 
r isks regardi n g  major water inflows to the mine 
workings .  To mon itor seafloor subsidence, an  
i nstrumentation scheme is requ i red that is both 
rugged and  capable of operating  in the marine  
environment .  The paper  concludes with an 
examiAation of  potential  appl ication of  several 
mon itoring  tech n iques ( i nc lud ing TDR) . 
Keyword (s} :  i nstrumentation , coal m in i ng ,  
geotechn ica l ,  computer, geophysica l ,  mon itoring  
design , mon itori ng equ ipment, mon itoring  
i nsta l lation , mon itoring  methods, surface water, 
s u bsurface water,  t ime factor, geologic features, 
seismic,  longwal l ,  photography,  active mines ,  
i nflow 
Location (s) : Canada,  Eu rope, Un ited States, 
Un ited Kingdom 
Forrester, D.  J .  Undergrou n d  Coal M in ing  Research 
i n  Canada . I N :  M inTech ' 9 1 ,  Annua l  Review of 
I nternationa l  M in ing  Techno logy and Development, 
T . L. Carr,  ed . ,  Sterl i ng  Pub l ications I nternationa l ,  
Lon don ,  1 99 1 ,  p .  1 6- 1 9 .  
CAN M ET ' s  research into u nderground coa l 
m in i ng  is p rimari ly conducted at the Cape Breton 
Coal Research Laboratory in Nova Scotia . The 
article outl i nes various parts of the research 
program concerned with strata mechan ics inc lud ing 
subsidence,  and  the mine  environ ment.  
Keyword (s) : subsidence research ,  coal m in i ng ,  
active m ines ,  pred iction , longwal l ,  mon itoring  
methods 
Location (s) : Canada 
Forster, J .  Stabi l ity I nvestigations Appl ied to the 
M in i ng  of Evaporites . Ph . D .  Thesis, Un ivers ity of 
Newcastle Upon Tyne,  Un ited Kingdom, 1 967, 
20 1 p .  
Keyword (s) : non-metal m in ing  
Location (s) : Un ited Kingdom 
Forsyth , D .  R . ,  B .  P .  Wrench ,  I .  B .  Watt .  
Reconstruction of  a Motorway Bridge S u bjected to 
Severe M in ing  Subsidence . I N :  COMA: Proceedings 
of  Symposium on Construction Over M ined Areas, 
Pretoria, May, 1 99 2 .  South African I nstitution of 
Civi l  Eng ineers, Repu bl ic of South Africa, p .  
1 39- 1 43 .  
A mu lti-span reinforced concrete bridge crossed 
the M2 motorway as part of the G elden h u is 
I nterchange i n  Johannesburg . The bridge was 
subjected to severe d ifferential  sett lements as a 
resu lt of deep seated min ing  subsidence . After 
intensive mon itoring  and i nvestigation , the bridge 
was demol ished . This paper summarizes the 
d isplacements suffered by the br idge and describes 
the design ph i losophy of the replacement structure . 
Keyword (s) :  roads, meta l m in ing ,  geotechn ica l , . 
mon itoring methods, foundations,  eng ineeri ng ,  
construction 
Location (s) :  South Africa 
Fowler, J. C . ,  L . A .  Rub in ,  W. L .  Sti l l .  Detection ,  
Del ineation and Location of  Hazard Using G round­
Probing Radar in Coal Mines .  I N :  Energy Resou rces 
and Excavation Technology, Proceedings 1 8th U .  S .  
Sympos ium on Rock Mechan ics, Keystone,  CO, 
June 22-24, 1 977,  F-D .  Wang and G . B . Clark, eds . ,  
Colorado School o f  Mines Press, Golden , p .  4A5- 1 -
-4A5-5 . 
This paper describes the use of modified 
grou nd-probing radar to easily identify many of the 
major hazards associated with coa l  m in i ng .  
Keyword (s) :  coal m in i ng ,  geophysica l ,  roof 
stabi l ity 
Location (s) :  Un ited States 
Frank.h am, B. S . , G .  R. Mou ld .  M in ing  S u bsidence i n  
New South Wales--Recent Developments . I N :  
Proceedings New Zealand Conference, Austra las ian 
I nstitute of Min ing and  Meta l l u rgy, Un ivers ity of 
Auckland,  May 1 9-23,  1 980, Austra las ian I nstitute 
Min ing and Meta l l u rgy, Parkvi l le ,  Victor ia,  Austra l i a ,  
p .  1 67- 1 79 .  
Keyword (s} : coal m in ing  
Location (s ) :  Austra l ia  
Frankham,  B .  S . ,  L .  Hol la . Min ing S u bsidence and 
its Effects on Su rface Development i n  the Coalfields 
of New South Wales . I N :  G round Movements and 
Structu res, Proceed ings 3 rd I nternationa l  
Conference, Un iversity of Wales I nstitute of 
Science and Technology, Cardiff, J u ly, 1 984, J . D .  
Geddes, ed . ,  Pentech , London,  1 985 ,  p .  207-222 . 
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An intens ive program of su bsidence mon itorin g  
h a s  been u ndertaken in  New South Wales s ince the 
m id- 1 960s over areas of pi l lar extraction ,  shortwal l  
m in i ng ,  and  longwa l l  m in i ng .  Much of  the  data that 
h ave been col lected s ince that time have been 
gathered from survey grids located above workin g  
coal  mines in  t h e  state . T h e  research h a s  now 
reached the stage where the maximum subsidence 
accompanying a g iven extraction pattern can be 
predicted with a reason able degree of confidence . 
Keyword (s) : mon itorin g  methods, coal m in i ng ,  
active m ines,  p i l l a r  extraction , shortwal l ,  longwal l  
Location (s ) :  Austra l ia 
Fra n ks ,  C .  A .  M . ,  J .  D .  G eddes . A Comparative 
Study by N u merical  Model l i ng  of Movements on 
S lop ing G rou nd Due  to Longwal l  M in in g .  I N :  G round 
M ovements and Structures, Proceedings 3 rd 
I nternationa l  Conference, Un iversity of Wales 
I n stitute ofScience and Technology, Card iff, 1 984, 
J . D . G eddes, ed . ,  Pentech ,  London,  1 985 ,  p .  
3 77-3 9 6 .  
T h i s  paper describes some of t h e  resu lts from a 
pre l im inary study of the inf luence of ground surface 
slop.e on movements,  based on f in ite e lement 
n umerical model i ng . Brief deta i ls  are g iven of the 
procedu re adopted and comparisons are made 
between some of the resu lts and those obta ined,  
u si ng  the  same mode l  and techn ique, for  h orizontal 
p lane su rfaces . 
Keyword (s) :  model i ng ,  longwal l ,  coal m in ing ,  
f in ite e lement, h orizontal d isp lacement, vertical 
d isplacement 
Fra n ks,  C .  A. M. M in ing  Su bsidence and Lands l ips 
i n  the South Wales Coalfield .  I N :  Proceedings, 
Symposiu m  on Landsl ides in  the South Wales 
Coalfie ld,  Card iff, 1 985,  p. 225-230. 
Keyword (s) : coal  min ing,  geologic featu res 
Location (s ) : Wales 
Fredrickson,  R. J. Foundation Treatment for Smal l  
Earth Dams on S u bsid ing Soi ls .  I nternational  
Associat ion Hydrological Sciences Publ ication 1 2 1 ,  
1 977 '  p .  553-566.  
Keyword (s) : foundations,  structu ral m itigation , 
geologic featu res 
F reitag,  J .  A . ,  T .  E. Hemminger, G .  Garrison . Coal 
Combustion Ash Disposal Underground I njection of 
Fly Ash i nto M ined-Out Portions of Coal M ine .  I N :  
Proceedings,  Air  & Waste Management Association 
84th An nua l  Meeting  & Exh ibition , Vancouver, 
British  Colu mbia,  J u ne 1 6-2 1 ,  1 99 1 ,  8 p .  
For Com monwealth Edison Company, the 
u nderground mine  i njection of fly ash has proven to 
be a cost effective disposal method . Due to the 
proximity of the mine to the generating  station ,  
transportation costs of  the  fly ash a re substant ia l ly 
reduced over landf i l l  disposal . Underg round  i njection 
takes l ittle surface space, is  subject to fewer regu­
latory constra ints than landfi l l i ng ,  and provides 
additiona l  protection aga inst subsidence i n  the 
mined-out areas of the coa l mine . 
Keyword (s ) :  mine waste, coa l m in i ng ,  
subsu rface water, hydrau l ic  backfi l l i ng  
Location (s ) :  I l l inois, I l l ino is Coa l Bas in ,  Un ited 
States 
Friedel ,  M .  J . ,  J .  A. Jessop, R .  E .  Th i l l ,  D .  L. Veith . 
E lectromagnetic I n vestigation of Aban doned M ines 
in the Galena,  KS, Area . U . S .  Bureau of M ines R I  
9303,  1 990, 20 p .  
As part of an  i nvestigation a imed a t  m it igatin g  
the hazards caused b y  abandoned m i n e  open ings,  
the US BM conducted a series of electromagnetic 
su rveys i n  the area of Ga lena ,  Kansas . The 
appl ication of monostatic ground-penetrat ing radar 
(G PR)  and inductive electromagnetic methods for 
detecting and del ineating  hazardous mine open ings  
and attendant features was demonstrated to  be  
feasible for sha l low mine work ings occurrin g  below 
flat-lyi ng areas . Features such as m ine  voids, 
fractures, and zones of subsidence were located . 
Keyword (s ) :  abandoned m ines,  land m itigation ,  
structu ra l  m itigation,  geophysica l ,  meta l m in i ng  
Location {s) : Kansas, Un ited States 
Frieser, A. Packing  of Coa l Seams in Bohemia . 
Transactions, I nstitution of M in ing  Eng ineers ,  
London,  v .  1 0, 1 895 ,  p .  5 9 7 .  
T h i s  article discusses t h e  u se of hydrau l ic  
flush ing  to  stabi l ize water satu rated overbu rden 
during the min ing of a thick brown coa l seam . 
Keyword (s) :  hydrau l ic backfi l l i ng ,  coal m in i ng ,  
overbu rden , h istorical 
Location (s ) :  Europe, Czechoslovakia 
Fritzsche, C .  H . ,  E .  L .  J.  Potts . Horizon M in i ng .  
George Al len and Unwin ,  London , 1 954, 6 1 4  p .  
The authors present a text deal ing with coa l 
m in ing  practice i n  the layout and development of 
the horizon-m in ing  system . The book inc ludes a 
deta i led description of roadway development and  
hau lage systems, but  does not dea l  with operations 
at  the extraction face . One chapter covers strata 
control and surface subsidence . 
Keyword (s) : mine des ign,  g round control 
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Fruco Eng ineers, I n c .  G eotechn ical I nvestigation for • 
I l l i nois Department of Law Enforcement, l l l i nois � 
State Pol ice District 1 1  Headquarters, Maryvi l le ,  
I l l i nois .  St .  Lou is,  MO,  October, 1 98 1 ,  1 7  p .  p lus  4 
a ppendices . 
This report presents the resu lts of a geo­
techn ica l  i nvestigation of su bsidence cond it ions at 
the I l l i nois State Police D istrict 1 1  Headquarters at 
Maryvi l l e .  The pu rpose was to perform an eng ineer­
i n g  evaluation of the subsurface condit ions at the 
s ite, i nc lud ing  the underlying  abandoned coal m ine, 
to determine  the su itab i l ity of the exist ing faci l ity 
for contin ued use .  The scope of the i nvestigation 
consisted of the fol lowing :  ( 1 )  gathering  and study­
i n g  ava i lab le site i n formation from soi l ,  geologic, 
and m in i ng  l iterature references; (2)  conducting  a 
field investigation to define the type and cond ition 
of the subsurface mater ia ls and the state of the 
u n derlyin g  abandoned coal m ine; (3 )  developing  the 
necessary laboratory test data; and  (4) performing 
eng ineer ing ana lyses and eva luation . 
Keyword (s) : abandoned mines, surface 
structura l damage,  coa l m in i ng ,  geotechn ical ,  lab 
testing ,  rock mechan ics, i n  s itu testing ,  geologic 
featu res, eng ineeri ng  
Location (s ) :  I l l i nois, I l l i nois Coal Bas in ,  Un ited 
States 
Fry, R. C .  Case Study in  Mon itori ng  M in ing  I nduced 
S u bsidence Using Photogrammetry and 
Conventiona l  S u rveys . I N :  Proceedings Th ird 
Workshop on Su rface S u bsidence Due to 
Underground M in ing ,  Morgantown , WV, June  1 -4, 
1 992 ,  S .S .  Peng ,  ed . ,  West Virg i n ia Un iversity, p .  
2 63-27 1 .  
Underg round coal m in i ng  has been active with i n  
t h e  East Mounta in  property s ince t h e  mid- 1 950s .  
A s  a result, coal from two seams has been 
extracted with in  large areas a l lowing surface 
su bsidence to occur .  An n ua l  subsidence mon itorin g  
bega n  in  1 98 1  with t h e  u se of on-the-ground 
conventiona l  mon u mentation ,  surveying ,  and 
photogrammetric mon itori ng .  The data col lected 
h ave shown the time benefits of photogrammetry, 
as well  as the relationsh ip  between observed 
su bsidence and the geometry of the mined out area 
below. 
Keyword (s) : su rvey methods, survey 
equ ipment, mon itori ng  methods, photography, 
remote sens ing,  coal m in ing ,  mu ltiple-seam 
extraction ,  longwal l ,  active mines 
Location (s) : Utah ,  Rocky Mou nta in  Coal Region , 
Un ited States 
Fuqua,  W .  D . ,  R .  R ichter .  Photograph ic I nter­
pretation as an  Aid in Del im iti ng  Areas of Sha l low 
Land S ubsidence in Ca l iforn i a . I N :  American S oc iety 
of Photogrammetry Manua l  of Photograph ic  
I nterpretation, Appendix A of Ch . 6,  1 960, p .  
442-456 .  
Keyword (s} :  f lu id extraction,  photography, 
remote sens ing,  prediction 
Location (s } :  Cal iforn i a ,  Un ited States 
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Fuqua ,  W .  D .  Sha l low and  Deep S ubsidence Areas 
in West Central San  Joaqu in  Val ley. I N :  Annua l  
F ie ld  Tri p  G u idebook, Cal ifornia G eological Society, 
Central Portion of G reat Val ley of Cal iforn ia ,  San 
J u a n  Bautista to Yosemite Val ley, Sacramento,  
1 963, p .  5 9-64. 
Keyword (s} :  f lu id extraction 
Location {s } :  Ca l iforn i a ,  Un ited States 
Gabrysch ,  R .  K. Land Surface S u bsidence i n  the · 
Houston-Galveston Region,  Texas .  I n ternationa l  
Association Hydrological Sciences Pub l ication 88 ,  
1 970, p .  43-54. 
Keyword (s) :  f lu id extraction ,  surface subsidence 
damage 
Location (s) :  Texas, Un ited States 
Gabrysch, R. K. Methods of Pred icting  Land-Su rface 
Subsidence in the Houston-Galveston Reg ion ,  
Texas.  Geological Society of  America , Abstracts 
with Programs, v. 6, 1 974, p. 748 . 
Keyword (s) : prediction , fl u id extraction 
Location (s) : Texas, Un ited States 
Gaddy, F. L .  A Study of the Ultimate Strength of 
Coal as Related to the Absolute S ize of the Cu bical  
Specimens Tested . Virg in ia  Polytech n ical  I nstitute 
Bul leti n ,  August, 1 956,  p .  1 -2 7 .  
Keyword (s) : p i l lar  strength , l a b  testing ,  coal 
min ing 
Location (s) : Un ited States 
Gaffney, D .  V . ,  M .  M .  Stewart, N .  K. Chakravort i ,  
R .  M. Hays . Feasib i l ity of Using  Cemented Backfi l l  
i n  Active Underground Coal Mines to Prevent 
Subsidence . U .S .  Bureau of Mines contract 
J029500 1 , Michael Baker, J r . ,  I nc . ,  U . S .  Bureau of 
Mines OFR  92-82,  1 98 1 ,  2 1 8  p. (NTIS P B  
82-244252)  
Th is  report deta i ls the  use  of  cemented backf i l l  
i n  active underground coal  mines to m in im ize or 
prevent subsidence . 
Keyword (s) : stowtng ,  active mines,  coal m in i ng  
GA i  Consu ltants, I nc .  Su rvey of  G round S u rface 
Cond itions Affect ing Structural Reponse to 
Su bsidence. Phase I Report to Twin C ities M in i ng  
Research Center, U .S .  Bureau of  Mines, Contract 
No.  J02950 1 7 ,  Apri l ,  1 980, GAi Consu ltants, I n c . ,  
Pittsbu rgh ,  PA, 1 5 1 46,  35  p .  
Th is document summarizes vis its t o  a n d  
i nformation exchanged with su bsidence experts i n  
G reat Brita i n .  
Keyword (s) :  coal m in i ng ,  soi ls, su rface 
structu ral damage, geolog ic features, abandoned 
mines, active mines, National  Coal Board , horizontal 
disp lacement, vertical d isplacement, backfi l l i ng ,  
grouting ,  model ing,  tun ne l l ing,  mu lt iple-seam 
extraction , land-use plann ing  
Location (s) :  Un ited Kingdom 
GAi Consu ltants, Inc. Abandoned M ined Lands 
Reclamation Control Technology Handbook, Ch apter 
1 26 
2 .  M ine  Subsidence Control . Prepared for U .S . 
Department of the lnteri'or, Office of Surface M in ing  
Reclamation and Enforcement, , Contract J5 1 0 1 1 09 ,  
January 2 8 ,  1 9  8 t ,  3 7 p .  
T h i s  chapter describes t h e  var ious Abandoned 
M ined Lands fu nd ing priorities and subsidence 
abatement methods that may be used . A d iscussion 
of the advantages and disadvantages of the various 
abatement methods arid  the cost of implementation 
are inc luded, as are a series of decision matrices 
and cost estimation gu ide l ines ,  which are usefu l for 
eva luat ing and selecting the most appropriate 
abatement methods for a particu lar  project . 
Keyword (s) : l iterature search , abandoned 
m ines,  coal m in ing ,  land-use p lann ing ,  surface 
structura l  damage, reclamation ,  mitigation , 
structura l m itigation , land m itigation , hydrau l ic 
backfi l l i ng ,  pneu matic backf.i l l i ng ,  g routing 
Location (s) :  Un ited States 
Ga l l ,  V ., D . -W . Park.  Effective I terative Techn ique  in  
N umerical  Model ing to S imu late Progressive Fa i lu re 
i n  Underground Coal Mines .  I N :  Rock Mechan ics 
Contributions and Cha l lenges, Proceedings of the 
3 1 st U .S . Rock Mechan ics Symposium,  Golden , 
CO, J u ne 1 8-20, 1 990, W .A . Hustru l id  and G .A. 
Johnson ,  eds . ,  Balkema,  Rotterdam, p .  3 1 3-320. 
Park and Gal l  developed a large scale th ree­
d imens iona l ,  f in ite-element model for a longwal l  
coa l  m ine  us ing a su percomputer. The Hoek-Brown 
fai l u re criterion,  which describes the behavior of 
rock masses, was adopted for the determination of 
e lement fa i l u re .  S imu lated stresses and stress 
red istributions are therefore rea l istic, but a large 
amount of computer time had to be consu med due 
to the n umerous iterations that were necessary to 
reach an equ i l i bri u m  state . I n  th is paper, an im­
proved method of iteration is  introduced . Using th is 
method, the n u mber of iterations was reduced, th us  
the computer t ime was cons iderably reduced . 
Keyword (s ) :  coal m in ing ,  model ing ,  fin ite 
e lement, computer, longwal l  
Location (s) : Alabama, Un ited States 
Ga l lagher, R .  T. A Method of Determin ing  
Su bsidence in  M in ing  With Particu lar Reference to 
Block Caving .  Ph . D . Thesis, Colorado School of 
M ines, Golden , 1 94 1 , 1 28 p .  
Th is thesis studies t h e  use o f  su bsidence forces 
to cave rock in m in ing ,  us ing geophysical methods 
to locate the l i ne  of break . Seismic measu rement of 
caving proved the most usefu l tool . 
Keyword (s) : geophysica l ,  seism ic, prediction 
Location (s ) :  Un ited States 
Gal lant, W .  D . ,  T. R .  C .  Aston . I nstru mentation and 
Geotech n ical Mon itor ing Tech n iques Used in  the  
Sydney Coalfield, Nova Scotia . Canadian 
Geotechn ical Journa l ,  v .  28 ,  Ju ne,  1 99 1 ,  p .  
327-337 .  
S ince 1 982,  a group has been involved i n  
assessing the  behavior o f  m ine  open ings in  the 
underground workings of the Sydney Coalfield in  
Nova Scotia . Th is  paper examines a variety of  
geotech n ical instrumentation and mon itorin g  tech ­
n iques used to  assess strata behavior du ring the 
different phases of longwal l  min ing operations :  
gateroad deformation , floor heave, intersections,  
gates ide pack behaviou r, and su bsidence 
mon itori ng . 
Keyword (s) :  instru mentation , mon itori ng  
methods, geotechn ical ,  longwal l ,  coa l m in i ng ,  floor 
stabi l ity 
Location (s) : Canada 
Ga l lant, W .  D. ,  D.  J .  Forrester, D.  A .  Payne .  
Determination of the Stopl ine S u bsidence Profi le of 
Phalen 2 West Panel from with in a Near Horizontal 
Borehole over the Panel Stopl i ne .  I N :  Proceedings 
1 0th I nternational  Conference on G round Control i n  
Min ing,  June  1 0- 1 2 , 1 99 1 ,  S .S .  Peng,  ed . ,  West 
Virg in ia  Un ivers ity, Morgantown , p. 220-2 24 .  
The  su bsidence profi le over the stopl ine of  a 
longwal l  panel was observed . A novel techn ique  
was designed and  implemented to  determine  
vertica l d isplacements of  the  overly ing strata from 
with in  a near horizontal borehole dr i l led over the 2 
West pane l .  Restrictions on data col lection 
techn iques due to the su bmarine natu re of the 
coalfield are discussed . 
Keyword (s) :  longwal l ,  mon itori ng  methods, 
mon itori ng  equ ipment, i nstrumentation,  mu lt ip le­
seam extraction , coal m in ing ,  vertica l  d isplacement, 
horizonta l  displacement 
Location (s) : Canada 
Ga l lavresi ,  F., G. Rod io .  Soi l  Upheaving  by G routing  
to  Safeguard Zones Affected by S ign ificant 
Subsidence Problems :  Its Appl ication to Ven ice as 
Pecu l iar  Example .  I N :  Land  Su bsidence, Proceedi ngs 
3rd I nternational  Symposium on Land Subsidence, 
Venice, Italy, March 1 9-25,  1 984, A . I .  Johnson , L .  
Carbogn in ,  and L. Uberti n i ,  eds . , l nternationa l  
Association Hydrological Sciences Publ ication No . 
1 5 1 ,  1 98 6, p .  707-7 1 5 . 
The su bsidence of Ven ice, at present essentia l ly 
due to natu ral causes on ly, is characterized by very 
smal l  rate . Nevertheless, the general s ituation of 
the lagoon town is sti l l  dramatic because of the 
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h ig h  subsidence va l ues that have occurred in the 
past.  
Keyword (s ) : soi ls,  surface subsidence damage, 
land m itigation 
Location (s) : Italy 
Ga lv in ,  J .  M .  The S ign ificance, Behavior and 
I nfluence of Ashf i l l  on South African Th ick Seam 
M in i ng  O perations .  Chamber of M ines of South 
Africa , Research Report No. 9/82,  January, 1 98 2 .  
Keyword (s) :  backfi l l i ng  
Location (s) : South Africa 
Ga lvin , J .  M . ,  K .  G .  Anderson . Design of Mu lti­
Seam Workin gs at Sha l low Depth Under Tidal  
Waters . I N :  Proceedings,  Symposium on Ground  
Movement and Control Related to  Coal M in ing ,  
l l l awarra ,  Austra l ia ,  August, 1 986,  N . I .  Aziz, ed . ,  
Austra las ian I nstitute of M in ing  a n d  Meta l l u rgy, p .  
3 52-36 1 .  
M u ltiseam min ing  has been carried out beneath 
Lake Macquarie  in New South Wales s ince 1 98 2 .  
Th ree seams, which cover 4 0  to 1 30 meters , a re 
m ined s imu ltaneously.  Subsidence control was the 
major factor infl uenc ing choice of min ing method 
and  layout of workings, which were des igned 
accord ing  to 1 974 g u idel i nes . These gu idel ines a re 
re-eval uated in the l ight of state-of-the-art rock 
mechan ics knowledge and local subsidence data 
col lected s ince 1 974.  The design accord ing to the 
gu idel ines is seen to be conservative, and improved 
extraction is possible . 
Keyword (s) : m u ltiple-seam extraction,  surface 
water, rock mechan ics, mine design ,  coa l m in ing  
Location (s ) : Austra l ia  
G amble,  J .  C. ,  R .  E .  G ray. Subsidence Control and 
Alternatives for  Areas Above Abandoned Coal 
M ines .  I N :  Proceed ings 41 st Annua l  Meeting of 
American Society of Photogrammetry, Bou lder, CO, 
March 6-8 , 1 975,  p. 62 . 
Keyword (s) : g round control ,  abandoned mines, 
coal m in i ng  
Location (s) :  Un ited States 
Gamble, J .  C . ,  R. E. G ray. Su bsidence Control and 
Alternatives for  Areas Above Abandoned Coal 
M ines .  I N :  Proceedings Northeastern Section 
Meetin g  of the Geological  Society of America, 
Syracuse, New York, March 7 ,  1 975,  1 2  p .  
M i n e  subsidence can cause severe damage to 
structures located above abandoned mines .  
Alternatives in  dea l i ng  with potential  damage 
problems inc lude subsidence contro l ,  construction 
of structu res resistant to subsidence damage, land­
use plann ing  to min imize problems, subsidence 
insurance, and acceptance of r isk of possib le 
damage. 
Keyword (s} : abandoned mines,  coa l m in i ng ,  
surface structura l damage, overburden,  uti l it ies, 
g round control ,  i nsurance, construction , land-use 
plann ing ,  fou ndations,  hydrau l ic  backfi l l i ng , 
pneumatic backfi l l i ng ,  grouting ,  roof stabi l ity 
Location (s) :  Pennsylvan ia,  Appa lach ian Coal 
Region , Un ited States 
Gamble, J .  C . ,  R. E. G ray. M ine  Subsidence and  
M ine  S u bsidence Contro l .  The  Encyclopedia of 
Appl ied Geology, Encyclopedia of Earth Science 
Series, R .W.  Fairbridge and C . W .  F in kl,  J r . ,  eds .  
Dowden , Hutch inson & Ross, Stroudsburg ,  PA, 
1 976 .  
Keyword (s) : ground control, coa l m in i ng  
Gambolati , G .  Estimate of  S u bsidence in  Ven ice 
Using a One-Dimensional  Model of the S u bsoi l .  I BM 
Journal  of Research Development, v .  1 6, Marc h ,  
1 9 7 2 I p • 1 30- 1 3 7 • 
Keyword (s) : model ing 
Location (s) : Ita ly 
Gambolati, G . , R. A. Freeze .  Mathematical 
S imu lation of the S u bsidence of Ven ice, I :  Theory .  
Water Resou rces Research , v .  9 ,  no .  3 ,  Ju ne,  
1 973, p .  72 1 -733 . 
Keyword (s ) :  model ing,  mathematical  model 
Location (s} : I taly 
Gambolat i ,  G . , P .  Gatto, R. A .  Freeze .  Mathematical 
S imu lation of the Subsidence of Ven ice, I I :  Resu lts . 
Water Resources Research ,  v .  1 0, n o .  3 ,  J u ne,  
1 974, p .  563-5 7 7 .  
Keyword (s) :  model ing,  mathematical model 
Location (s) :  Ita ly 
Gamzon,  L. Hydrau l ic Stowing at French Col l ieries . 
Col l iery Eng ineering ,  v .  34, 1 9 1 4, p .  2 8 9 .  
This article describes the u s e  o f  hydrau l ic 
stowing  in  1 909 to prevent surface subsidence . 
Keyword (s ) : hydrau l ic backfi l l i ng ,  stowing ,  coal  
m in ing  
Location (s ) :  France 
Gang,  Y. , Z .  Guoquan,  C .  J ixian .  Research on 
S l id ing Layers for Bui ld ings Subjected to M in i ng  
Subsidence . IN :  G round Movements and Structu res, 
Proceedings 4th I nternationa l  Conference, 
Un ivers ity of Wales Col lege of Card iff, J u ly 8- 1 1 ,  
1 28 
1 99 1 ,  J . D . Geddes, ed . ,  Pentech Press, London,  
1 99 2 ,  p .  430-442 . 
The provis ion of a s l id ing layer is a structural 
measu re for prevent ing damage to bu i ld ings due to 
m in i ng .  The authors made model tests on the 
s l id ing layer, ana lyzed and compared the materia ls  
for s l id ing layers, and carried out an  ana lys is, by 
means of the f in ite element method, of the stress i n  
a bu i ld ing  wal l  subjected to  m in ing . 
Keyword (s) : su rface structu ra l damage, 
fou ndat ions,  lab testing ,  f in ite element, model ing ,  
coa l  m in ing ,  horizontal d isplacement, structural 
m it igation 
Location (s) : Ch ina  
G anow, H. C .  A G eotechn ical  Study of  the  Squeeze 
Problems Associated with the Underground M in ing  
of  Coa l .  Ph . D .  Thesis, Un iversity of  I l l i nois, Urbana ,  
1 97 5 . 
Keyword (s ) : floor stabi l ity, geotechn ica l ,  coa l 
m in i ng  
Location (s) : I l l i nois, I l l i no is Coal Bas in ,  Un ited 
States 
G anow, H .  C. Resu lts of Long  Term Ground  S u rface 
Measurements at the Hoe Creek I l l  S ite . 1 0th 
Underground  Coal Gas ification Sympos ium,  
Wi l l i amsburg,  VA, August 1 2- 1 5 , 1 984, 1 7  p .  
G round  surface subsidence was first observed 
over the Hoe Creek burn cavity 2 1  days after 
gas ification ceased . It man ifested itself as a smal l  
c i rcu lar  depression or s ink  and was fol lowed 5 days 
l ater by the formation of a second col lapse 
structu re . Concu rrently, a s ing le  large e l l iptical ly 
shaped depression,  whose major axis para l le ls the 
experimental axis, slowly formed over the burn 
cavity . These featu res appear to represent two 
d istinctly different deformation modes . The fi rst 
mode inc ludes discrete voids that propagate rapid ly 
u pward . The second mode is represented by the 
e l l iptica l ly shaped classical subsidence depression 
that forms slowly by a strata bend in g .  Seventeen 
isolation type survey monuments h ave been u sed to 
track both the h orizonta l  (one dimensiona l )  and 
vertica l  motion components intermittently over a 
54-month span . The resu lt in g  data set is combined 
with grou nd surface sketches and post-burn core 
dr i l l i ng resu lts and provides an important case study 
aga inst which nu merical and centrifugation model 
resu lts can be compa red . 
Keyword (s) : coal gasification , model ing ,  
mon itoring  methods, mon itoring equ ipment, su rvey 
methods, horizonta l d isplacement, vertical 
d isplacement, environment 
Location (s ) :  Wyoming,  Rocky Mounta in  Coal 
Reg ion,  Un ited States 
Gardner, B. H . ,  F. Carr, E .  Martin . Lon gwal l  Design 
I mprovement i n  Coal M ines Usi ng  F in ite E lement 
Analysis .  I N :  Research & Eng ineering  Appl ications 
in  Rock Masses, Proceedings 2 6th Sympos ium on 
Rock Mechan ics , South Dakota Schoo l  of M ines & 
Tech nology, Rapid C ity, June  26-28,  1 985 ,  E .  
Ashworth , ed . ,  Ba lkema, Rotterdam,  p .  693-694.  
This mine des ign method draws together three 
d isti nct e lements of tech n ique :  infin ite element 
s imu lation , stress control via yield ing  p i l lars ,  and 
specia l ized tech n iques for geomechan ica l  behaviora l 
mon itor ing of u ndergrou nd open ings .  
Keyword (s) : mine desig n ,  fin ite e lement, 
model ing ,  longwal l ,  roof support, yield ing s u pports, 
mon itoring methods 
Location (s) :  Alabama, Un ited States 
Gardner, F .  P . ,  G .  H ibberd . S u bsidence--The 
Transference of G round Movement to S u rface 
Structures . The Min ing  Eng ineer, London,  v. 1 2 1 ,  
1 96 1 -62,  p .  1 9-36 . 
Keyword (s) : surface structu ra l damage, coal 
m in ing  
Location (s) : Un ited Kin gdom 
Garner, J .  H.  Report on the Effect of M in i ng  (Coa l )  
Subsidence on  Sewers and Sewage Disposal Works 
in  the West R id ing of Yorksh i re .  The West R id ing of 
Yorksh i re R ivers Board, December, 1 945 . 
Keyword (s) : uti l ities, coal m in ing  
Location (s) : Un ited Kingdom 
Garrard, G .  F .  G . ,  R. K .  Taylor .  Col lapse 
Mechan isms of Sha l low Coal-M ine  Work ings from 
Field Measurements . I N :  Eng ineerin g  Geology of 
Underground Movements, Geological  Society 
Eng ineering Geology Special  Pub l ication No .  5, F . G . 
Bel l ,  et a l . ,  eds . ,  1 988 ,  p .  1 8 1 - 1 92 .  
S imple stereo-photograph ic  techn iques were 
employed to look in deta i l  at more than 1 50 sha l low 
( < 75 m)  col lapsed old workings exposed i n  the 
h igh  wal ls of  1 8  opencast coa l  sites across the 
country.  S ixty variables, i nclud ing col lapse 
d imensions and various ratios, were defined to 
characterize the workings and the resu lti n·g data 
ana lyzed statistical ly .  The data were compared with 
existing  theories and design recommendations and 
used to  develop new empir ical relationsh ips .  The 
study shows that at .sha l low depths the  crush in g  of 
coal p i l lars is rare and that bu lki ng  and arch ing ,  
considered to  be  complementary mechan isms, are 
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the normal l im iti ng  factors on the height of col­
l apse . The col lapse he ight of the work ing was 
fou nd to be proportiona l  to the span width . Where 
span widths are known or can be estimated, the 
fol lowing  relationsh ip  for col lapse height i s  sug­
gested : col lapse he ight = 2 . 68 x span width . This 
relationsh ip  encompasses a l l  but one observed 
col lapse structure . The existing  establ ished relat ion­
ship, based on bu lk ing theory, of col lapse height = 
1 0  x seam th ickness is shown to be va l id  and 
encompasses a l l  observed col lapse structures . 
Keyword (s) : coa l m in ing ,  abandoned mines ,  
p i l l a r  strength , room-and-pi l lar, prediction , remote 
sens ing 
Location (s) :  Un ited Kin gdom 
G arritty, P. Water Percolation into Fu lly Caved 
Lon gwal l  Faces . I N :  Strata Mechan ics, Proceedings 
of the Symposiu m ,  University of  Newcastle-u pon­
Tyne,  Apri l ,  1 982 ,  l .W .  Farmer, ed . ,  E lsevier, New 
York, p .  25-2 9 .  
Production a t  a nu mber of mines operating  off 
the North-East coast has been seriously affected by 
the percolation of major water feeders onto workin g  
coal faces .  A deta i led study o f  the factors affecting  
the i ncidence and d istribution of  water feeders was 
undertake n ,  us ing  operationa l  geological and 
hydrologica l  data . 
Keyword (s) : subsurface water, coal m in ing ,  
longwal l ,  hydrology, geologic features,  overbu rden , 
inflow 
Location (s ) : Un ited Kingdom 
Garza ,  S. Artific ia l  Recharge for Subsidence 
Abatement at the NASA-Johnson Space Center, 
Phase I .  U .S . Department of the I nterior, Geological 
S u rvey, Open-Fi le Report 77-2 1 9 , 1 977,  82  p .  
Keywo.rd (s) : flu id extraction 
Location (s) : Texas,  Un ited States 
Gaske l l ,  P . ,  D. J .  Reddish , B. N .  Wh ittaker.  
S u bsurface G round Movements Associated with 
Lon gwal l  M in i n g . I N :  Proceedings 7th I nternationa l  
Conference on G round Control in M in ing ,  
Morgantown, WV, 1 98 8 ,  S .S .  Peng ,  ed . ,  West 
Virg i n ia Un iversity, p .  1 95-204 . 
This paper examines the development of rock 
movement between a longwal l  extraction horizon 
and the su rface for a fu l ly caved min ing  s ituation . 
Physical mode l ing  has been used to examine the 
mechan ics of ground movement and the propa­
gation of fractures around the longwal l  workin g .  
The paper discusses d imensional  an laysis, model 
construction,  and measurement techn ique,  and data 
processing of the resu lts into effective g raph ica l  
forms for further study.  
Keyword (s ) :  longwal l ,  coal m in ing ,  g rou nd  
control ,  overburden, model ing,  vertical 
disp lacement, horizontal d isp lacement, Nationa l  
Coal Board 
Gauna ,  M . ,  K. R .  Price, E .  Martin . Yield Pi l lar  Usage 
in Longwal l  M in ing  at Depth--No .  4 Mine, Brook­
wood, Alabama . I N :  Research & Eng ineering  
Appl ications in Rock Masses, Proceedings 26th 
U . S .  Symposiu m  on Rock Mechan ics, South Dakota 
School of Mines & Tech nology, Rapid City, J u n e  
26-28,  1 985 ,  E .  Ashworth , ed . ,  Ba lkema,  
Rotterdam,  p .  695-702 . 
J im Walter Resources No .  4 Mine extracts coal  
at 6 1 0  to 670 m of depth. Yield p i l lar  designs,  
us ing p i l lars 6 .  1 and 7 . 6  meters wide a longside the 
longwal l  headgate entry, were establ ished in  two 
adjacent longwal l  gate sections .  The experimental  
yie ld p i l lar-abutment pi l lar areas were formed for 
comparison to chain p i l lar  gate road des igns of 
equal s ize . Data were col lected through mon itori ng  
roadway deformationa l  behavior d u ring longwal l  
m in ing . Yield p i ll ars in  conjunction with abutment 
p i l lars offered improved roadway stabi l ity and 
improved resou rce recovery . 
Keyword (s) :  room-and-pi l lar,  instrumentation , 
m ine  design ,  longwal l ,  yield ing supports, p i l lar  
strength 
Location (s) : Alabama,  Un ited States 
Geddes, J. D . ,  D. W. Cooper. Structu res in Areas of 
Min ing  Subsidence. The Structu ra l Eng ineer, 
London , v .  40, no .  3 ,  March , 1 962,  p .  79-93;  and 
377-38 1 .  
This paper examines structu ral design methods 
used in  areas with potentia l  su bsidence prob lems.  
These methods range from foundations offeri ng  
maximum resistance to  earth movements to 
articu lated frames offering l ittle or no res istan ce .  
Keyword (s ) :  vertical d isplacement, horizontal 
d isplacement, su rface structu ral damage, structu ra l 
m itigation ,  ground control , arch itectu re,  
foundations, engineering 
Location (s) : England 
Geddes, J .  D .  The Effect of Horizonta l G round 
Movements on Structu res . IN :  Large G round  
Movements and  Structu res, Proceedings 
I nternational  Conference, Un ivers ity of Wales 
I nstitute of Science and Tech nology, Card iff, 1 977 ,  
J . D .  Geddes, ed . ,  John Wi ley & Sons ,  New York, 
1 9 78,  p. 623-646 . 
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This paper concetrates on the interaction 
between soils and essentia l ly horizonta l  fou ndation 
su rfaces on which the load ing resu lt ing from the 
m ovements is  del ivered in  the form of shearing 
(frictiona l )  stresses . A s impl ified look is taken at the 
problem and some factors of i mportance are 
described and i l l ustrated by laboratory and field 
experiments . It  is  shown how the behaviour of 
fou ndations can be expla ined in a rational  and 
quantitative way. Attention is  focused on cases 
produced by underground m in ing  activities . 
Keyword (s) : surface structural damage, soi ls,  
fou ndations, h orizontal d isplacement, coal m in i ng  
Location (s ) :  Un ited Kingdom 
G eddes, J .  D .  Construction in  Areas of Large 
G round Movement.  I N :  Large G round Movements 
and  Structu res , Proceedings I nternational  
Conference, Un iversity of Wales I nstitute of 
Science and Technology, Cardiff, 1 977 ,  J . D .  
G eddes, ed . ,  John Wi ley & Sons, New York, 1 978 ,  
p .  949-974.  
Large g round  movements (those greater than 
50 mm) may be produced by a variety of factors . 
Some are natural and some man-made; some are 
control lable and others not. They have at least one 
featu re i n  common and that is  the potentia l  or 
actua l  d ifficu lty they present to civi l/structural 
eng ineers i n  carryin g  out their work . Conventiona l  
practice wou ld regard vertical settlements of 50 
mm as a desirable l im it to be set as a design 
objective for rafts on natura l  soi ls . I nd ividua l  
footings wou ld  be designed for a settlement 
typical ly ha lf th is va l ue .  
Keyword (s) : surface structu ra l  damage, 
construction,  eng ineeri ng ,  geologic features, soi ls,  
f lu id  extraction, tu n ne l l i ng ,  coal m in ing  
G eddes, J .  D .  The Behaviou r of  a CLAS P-System 
Sch ool  Subjected to Min ing  Movements I N :  Large 
G round Movements and Structu res, Proceed ings 
I nternationa l  Conference, Un iversity of Wales 
I n stitute of Science and Tech nology, Card iff, 1 977,  
John  Wiley & Sons,  New York, 1 978 ,  J . D .  Geddes, 
ed . ,  p. 579-5 9 6 .  ( NTIS Accession No .  79-2263 7 }  
A deta i led study o f  t h e  behavior of a CLAS P­
system school was carried out as part of a wider 
investigation into aspects of design to counter 
m in i ng  subsidence . 
Keyword (s) : coal m in ing ,  fou ndations, surface 
structura l  damage,  eng ineering ,  construction ,  
m u ltiple-seam extraction , mon itoring methods, 
Nationa l  Coal Board 
· Location (s ) :  Un ited Kingdom 
---
Geddes, J .  D . ,  D .  Ken nedy. Structu ra l  I mp l ications 
of Horizonta l  Ground Stra ins . I N :  G round 
Movements and Structu res, Proceedings 3rd 
I nternational  Conference, Un iversity of Wales 
I nstitute of Science and Technology, Card iff, 1 984, 
J . D . Geddes, ed . ,  Pentech , London,  1 985,  p .  
6 1 0-62 9 .  
I t  is  well establ ished that, in t h e  vicin ity of 
underground min ing ,  tun n el l i ng  and  deep 
excavations, ground movements with h orizontal as 
wel l as vertical components are developed at 
ground surface level . These genera l ly vary in 
magn itude with t ime as the workings progress . 
Structura l fou n dations placed at the surface of, or 
with i n ,  the moving  ground are subjected to 
horizonta l  forces generated at the soi l/foundation 
interface. 
Keyword (s) :  h orizontal d isplacement, coa l 
m in ing ,  tunne l l ing,  foundations, subsurface 
subsidence damage, surface subsidence damage, 
so i ls ,  model ing,  surface structu ra l  damage 
Geddes, J .  D . ,  D .  Ken nedy .  Min ing G round 
Movements and Tied Portal Frames . I N :  G round 
Movements and Structures, Proceedings 4th 
I nternational  Conference, Un iversity of Wales 
Col lege of Card iff, Ju ly 8- 1 1 ,  1 99 1 ,  J . D .  G eddes, 
ed . ,  Pentech Press, London,  1 992,  p.  3 9 6-4 1 0. 
I n  earl ier papers, a method of ca lcu lation was 
developed that determined the h orizontal forces 
created at the interface between a continuous 
structu re and the moving grou nd that supported it .  
Th is was made on the bas is of the ideal ization that 
the structu re was sufficiently flexible so as to 
deform under the inf luence of the vertica l g round 
movements without any red istribution of  the  
vertical su pport reactions a long its length and that 
the interface relationsh ip  was essentia l ly frictiona l  
in  natu re .  A s imi lar  method is appl ied here to mu lti­
bay tied porta l frames, but it makes a l lowance for 
the variation i n  vertical support reactions as the 
structu re is  exposed to vertical and horizonta l  
ground movements of  the  k ind  produced by m in i ng  
activity . 
Keyword (s) :  horizontal d isplacement, coal 
m in ing ,  su rface structura l damage, vertical 
d isplacement, longwal l ,  fou ndations 
Location (s) : Un ited Kingdom 
Geddes, J. D . ,  ed . Large G round Movements and 
Structu res . Proceed ings of I nternationa l  
Conference, Un iversity of Wales I nstitute of 
Science and Technology, Card iff, Ju ly 4-7 ,  1 977,  
Joh n Wiley & Sons,  New York, 1 978 ,  1 074 p .  
1 3 1  
Th is book conta ins  papers dea l ing with such 
topics as the estimation and measu rement of 
su rface and near-surface ground movements due to 
the extraction of coa l ,  tu nne l l ing,  the presence of 
old u n derground workings,  large excavations, 
h i l ls ide  instab i l ity and creep, rec la imed and back­
f i l led a reas . The effects of such movements on 
structu res are d iscussed . 
Keyword (s) :  su rface structura l damage, coal 
m in ing ,  g rou nd contro l ,  tun ne l l ing,  active mines, 
abandoned m ines,  i nstru mentation,  mon itori ng 
methods 
G eddes, J .  D . ,  ed . G round Movements and 
Structures . Proceedings of 2nd I nternationa l  
Conference,  Un iversity of  Wales I nstitute of 
Science and Tech nology, Cardiff, 1 980, Pentech ,  
London,  1 98 1 ,  964 p .  
Keyword (s) : su rface structura l damage, g round 
contro l ,  coa l  min ing 
G eddes, J .  D . ,  ed . G round Movements and 
Structures . Proceedings of 3rd I nternationa l  
Conference, Un iversity of Wales I nstitute of 
Science and  Tech nology, Cardiff, 1 984, Pentech ,  
London,  1 985 ,  8 7 6  p .  
Keyword (s ) :  su rface structu ra l damage, ground 
control, coa l  m in ing  
G eddes, J .  D . ,  ed . G round Movements and 
Structu res . Proceedings 4th I nternational  
Conference, Un ivers ity of Wa les Col lege of Cardiff, 
J u ly 8- 1 1 ,  1 99 1 ,  Pentech , London,  1 992,  826  p .  
The papers presented i n  th is volu me cover such 
topics as the estimation and measurement of 
su rface and  near-surface ground movements of 
recla imed and backfi l led land due to excavations, 
trenches, tun ne l l ing,  coal min ing,  and seasonal  
changes .  The book is intended for c iv i l  and 
structura l  eng ineers, geolog ists, m in ing  eng ineers, 
su rveyors,  and others concerned with structures on 
moving groun d .  
Keyword (s) :  surface structural damage, coal 
m in i ng ,  active m ines, abandoned mines, tun ne l l ing, 
g routing ,  backfi l l i ng ,  structural m itigation ,  
foundations, eng ineering 
G eertsma, J .  Land  S u bsidence Above Compacting 
O i l  and Gas Reservoi rs .  Journa l  of Petroleum 
Technology, 1 973, p .  734-744.  
Keyword (s) : fl u id extraction , o i l  extraction 
G eertsma,  J . ,  G .  Van Opsta l .  A Nu merical 
Techn ique  for Predicti ng Subsidence Above 
Compacting  Reservoi rs ,  Based on the Nucleus of 
Stra in  Concept. Verh andel i ngen , Kon i n kl ij ke 
Nederlands Geologisch Mij n bouwkundig 
Genootschap, v .  28 ,  1 973,  p .  63-7 8 .  
Keyword (s) :  pred iction , model i ng ,  subsurface 
water 
Genera l  Assembly of Pen nsylvan i a .  Bitu m in ous  M ine  
Subsidence and Land  Conservation Act . Common­
wealth of  Pen n sylvan ia ,  1 966,  1 2  p .  
Th is docu ment conta ins  laws enacted i n  1 966 
to  protect the  pub l i c  hea lth , welfare, and  safety by 
regu lati ng  the m in i ng  of bitum inou s  coa l .  
Keyword (s) : law, m i n e  design ,  government, 
mine safety, m ine  operation,  surface structural 
damage, coal m in i ng ,  bitu minous 
Location (s} :  Pen n sylvan ia ,  Appalach ian  Coa l  
Reg ion , Un ited States 
Geng,  D. Y. ,  S .  S .  Pen g .  Su rface S u bsidence,  
Overbu rden Behavior, and Structu ral Damages Due 
to Lon gwal l  M in ing--Two Case Stud ies . Department  
of  M in ing  Eng ineeri ng ,  West Virg i n i a  Un ivers ity, 
Morgantown , November 1 983,  1 9  p .  
Th is report i nvestigates t h e  subsidence caused 
by two longwal l  panels, with data ana lyzed in terms 
of zone of advan ce inf luer:lCe and delay a ng le  of 
maximum subsidence velocity .  
Keyword (s) :  surface structural damage, m ine  
design ,  longwal l  
Gentry, D .  W.  Rock Mechan ics I nstru mentation 
Program for Ka iser Steel Corporation  1s Demon­
stration  of Sh ield-Type Lon gwal l  Su pports at York 
Canyon Mine,  Raton,  New Mexico . Ka iser Steel 
Corporation  contract RD-R-0 1 74, Colorado Schoo l  
of  M ines, Golden J u ly, 1 976,  456 p .  
Th is  report presents the resu lts of  a rock 
mechan ics instru mentation program designed to 
determine  the rock mass response due to longwal l  
m in i ng  of a th ick coa l seam ,  with deta i ls on the 
geology and instrumentation . 
Keyword (s ) :  mon itorin g  design ,  mon itori n g  
i nsta l lation ,  mon itori ng  equ ipment, su rvey methods, 
survey equ ipment, rock mechan ics, longwa l l ,  roof 
support, coa l m in i ng  
Location (s) :  New Mexico, Rocky Mou nta in  Coal 
Region , Un ited States 
Gentry, D. W . ,  J .  F. Abel ,  J r .  Rock Mass Response 
to Lon gwa l l  M i n i ng .  Mines Magaz ine,  v. 66, n o .  3 ,  
1 976,  p .  1 1 - 1 2, 28-2 9 .  
Keyword (s ) :  longwal l ,  coa l m i n i n g ,  overburden 
1 3 2 
Gentry, D .  W . ,  J .  F .  Abel,  J r .  Rock Mass Response 
to M i n i n g  Lon gwal l  Pane l  4N,  York Canyon M ine .  
M i n i n g  Eng ineering ,  v .  30 ,  n o .  3 ,  1 976,  p .  
2 73-280.  
Keyword (s ) :  longwal l ,  coa l m in ing ,  overbu rden 
Location (s} :  New Mexico, Rocky Mounta i n  Coal  
Reg ion ,  Un ited States 
Gentry, D. W . ,  C. L .  Stewart . Su rface and Under­
groun d  Rock Response, Lon gwal l  Pan el 4N, York 
Canyon M ine .  I N :  Proceedi ngs 2nd Sympos ium on 
Underground  M in i ng ,  Nationa l  Coal Association/ 
Bitu m inou s  Coal Research Coal Conference and 
Expo I l l ,  Lou isvi l le ,  KY, October 1 9-2 1 ,  1 976,  p .  
1 84-205 . 
Keyword (s} :  longwal l ,  overburden ,  coa l m in i ng  
Location (s ) :  New Mexico, Rocky Mounta in  Coal 
Region , Un ited States 
G entry, D. W . ,  C. L .  Stewart . Surface Response to 
Lon gwal l  M i n i n g .  M ines Magaz ine ,  v. 67 ,  n o .  3 ,  
1 977 ,  p .  1 1 - 1 2 , 22-23; v .  6 7 ,  n o .  4 ,  1 977 ,  p .  
1 6- 1 8 .  
Keyword (s) :  longwal l ,  coa l m in i ng  
Gentry, D .  W . ,  J .  F .  Abel, J r .  Su rface Response to 
Lon gwal l  Coa l M i n i n g  in Mou nta inous Terra in . 
Bu l leti n Association of Eng ineeri ng  Geolog ists, v .  
1 5 , no .  2 ,  December, 1 978 ,  p .  1 9 1 -220.  
The response of the ground  surface above 
longwal l  panels in a virg i n  geologic environment can 
o n ly be approximated by prediction models devel­
oped from su bsidence measurements made in  other 
coal m i n ing  districts . Above the 1 0-foot-th ick seam 
longwal l  at the York Canyon M ine, west of Raton ,  
New Mexico , the  measured ang le of  draw was 5 to 
1 5  degrees which is 0 .09 to 0 .27. times the depth , 
outside the pane l .  Th is  compares to the British 
Nationa l  Coal Board predicted ang le of draw of 35 
degrees, 0 .  7 times the depth . The measured 
subsidence effects outside of the panel d id not 
exten d  even one-ha lf  as far as the NCB predictions .  
However, measured subsidence a t  York Canyon 
closely compared with NCB prediction s .  
Keyword (s) : mon itorin g  desig n ,  mon itoring  
i nsta l lation , mon itori ng  equ ipment, survey methods, 
su rvey equ i pment, survey data processing ,  
longwal l ,  coa l  m in ing ,  prediction,  Nationa l  Coa l 
Board 
Location (s ) :  New Mexico, Rocky Mounta in  Coal 
Region , Un ited States 
Gentry, D .  W . ,  C .  L .  Stewart, R .  P .  Kin g .  Rock 
Mechan ics I nstrumentation Program for Ka iser Steel 
Corporation 1s Demonstration of S h ie ld-Type 
Longwal l  ·Supports at York Canyon Mine ,  Raton ,  
New Mexico . F i na l  Report, Department of  Energy, 
1 98 1 ,  DE-AC0 1 -74ET 1 2530.  
Keyword (s} : rock mechan ics, longwal l ,  
instrumentation , coal m in ing  
Location.(s} : New Mexico, Rocky Mounta in  Coal  
Region , Un ited States 
Gentry, D. W ., C. L. Stewart .  Characterization of 
Subsidence Over Mu ltiple Lift Lon gwal l  Pan els .  U . S .  
Department of Energy Contract AC22-80PC-30 1 1 8 , 
Mine Subsidence Eng ineering  F ina l  Tech n ica l  
Report, 1 982 ,  1 35 p .  {NTIS DOE/PC/30 1 1 8-T4) 
This report describes the procedu res and 
equ ipment used in insta l l i ng  and removin g  a 
subsidence mon itor ing network in rugged terra in . 
Keyword (s} : mon itori ng  desig n ,  mon itorin g  
instal lation , monitor ing equ ipment, survey methods, 
survey equ ipment, longwa l l ,  coal m in ing  
German is ,  E . ,  G .  W .  Smith . Criter ia for Design and  
Tolerance of  Structures and Services to  S u bsidence 
Movements . I N :  Proceedings 4th Annua l  
Sympos ium on Subsidence in  M ines, l l l awarra 
Branch,  Austra l ian I nstitute of M in ing  and 
Meta l l u rgy, A.  Hargraves, ed . ,  February 20-22,  
1 973,  p .  1 2- 1 -- 1 2- 1 0. 
Th ree basic types of subsidence occu r i n  the 
Newcastle and Wyong d istricts . Their  effects can 
cause serious damage to structures that have not 
been su itably designed . There are genera l ly 
accepted design principles to accommodate 
su bsidence movements . The main d ifficu lty for the 
designer is to assess the most su itable appl ication 
of the design princip les.  To assist in th is regard 
there are various design suggestions for structures 
such as smal l  cottages, ta l l  bu i ld ings,  swimming 
pools, reservoirs and bridges . 
Keyword(s } :  ut i l ities, su rface structu ra l damage,  
eng ineering ,  coa l min ing,  active m ines, abandoned 
mines, structu ral m itigation ,  fou ndations 
Location (s } :  Austra l ia  
German is, E . ,  S .  Val l iappa n .  Min ing S u bsidence at 
the G raving Dock S ite, New Castle .  I N :  Sympos ium 
on Recent Developments i n  the  Ana lysis of  Soi l  
Behavior and Their Appl ication to Geotech n ica l  
Structures, Un iversity of New South Wales, 
Austra l ia ,  1 975,  1 4  p .  
Keyword (s} : surface structural damage 
Location (s) :  Austra l ia  
1 33 
G h ose, A .  K. Extraction Below Surface Structu res-­
An Appra isa l  of the Jhar ia Coalfield S ituation . 
Journa l  of M ines, Metals & Fuels,  v .  29 ,  no .  1 2 , 
1 98 1 ,  p .  347-354, 366 .  
Keyword(s } : surface structural damage, coal 
m in i ng  
Location (s } :  I nd ia  
G houz i ,  D .  M in i ng  Subsidence and its I mpact on the 
Environ ment:  The Example of the Nord/Pas-de­
Cala is  Coalfield . I N :  Proceedings European 
Conference on Coal and the Environment, Session 
3, M inera ls and the Environ ment, v .  4, nos . 2 & 3, 
September, 1 982 ,  p. 93-9 8 .  ISSN 0 1 42-7245 . 
Pub l ic  op in ion is less and less wil l i ng  to tolerate 
the various h a rmfu l effects of min ing  subsidence . 
Compensation for damage can become a major 
cause for concern for m in ing  compan ies . The object 
of th is  report is to try to identify the main potential  
effects of m ine  workings,  both on finances, and on 
the environment itself, to further the debate . 
Keyword (s } :  coal m in ing ,  economics, 
environ ment, vertica l  d isplacement, horizonta l  
d isp lacement, surface structural damage, 
hydrology, uti l it ies, hydra u l ic backfi l l i ng ,  pneu matic 
backfi l l i ng ,  stowing ,  ra i l roads, roads 
Location (s } :  France, Poland,  Soviet Un ion , 
Eu rope 
G ibbs, H.  J.  A Laboratory Testing  Study of Land 
S u bsidence.  I N :  Proceedings 1 st Pan-American 
Conference on Soi l Mechan ics and Foundation 
Eng ineering ,  Mexico City, 1 959 ,  v .  1 ,  p. 1 3-36 .  
Keyword{s } : l a b  testin g  
G i bson ,  R .  D . ,  G .  G .  Mari no .  M i n e  Subsidence -
Lau r  Case, Du Quoin I ll i no is .  I l l i no is Abandoned 
M ined Lands Reclamation Counci l ,  September, 
1 98 1 ,  8 p .  
Th is  report deta i ls investigation of pit-type 
subsidence over an  abandoned mine .  
Keyword (s } :  su rface structural damage, coa l 
m in i ng ,  abandoned mines, foundations 
Location (s ) :  I l l i no is ,  I l l i no is  Coal Basi n ,  Un ited 
States 
G i bson , R. D. S u bsidence Rapid Response Team 
Quarterly Progress Report, Apri l 1 through June  30, 
1 98 1 . I l l i nois Abandoned Mined Lands Reclamation 
Counc i l ,  J u ly, 1 98 1 , 1 7  p .  
Keyword {s} : structu ral m itigation , coal m in ing ,  
abandoned mines, mon itoring methods 
Location (s } :  I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Gibson , R .  D .  Subsidence Rapid Response Team 
Quarterly Progress Report, January 1 through  
March 3 1 ,  1 98 1 . I l l ino is Abandoned M ined Lands 
Reclamation Counci l ,  Apri l ,  1 98 1 ,  1 8  p .  
Th is  report deta i ls subsidence investigations i n  
fou r  I l l inois cou nties . 
Keyword (s}: abandoned m ines,  coa l m in i ng ,  
structu ra l m itigation 
Location (s ) :  I l l inois,  I l l inois Coa l Bas in , Un ited 
States 
G ibson , R .  D .  Mine Subsidence, O ' Kraski 
Residence, Streator, I l l i nois .  I l l ino is Abandoned 
Mined Lands Reclamation Counci l ,  J u ly 1 98 1 ,  9 p .  
Keyword (s} : coal m in ing ,  abandoned m ines,  
surface structural damage,  structu ral m it igation 
Location (s) :  I l l i nois,  I l l i no is  Coal Bas in ,  Un ited 
States 
G ibson , R. D. Mine Subsidence, Bruce Park Case, 
Energy, I l l i no is .  I l l i nois Abandoned Mined Lands 
Reclamation Cou nci l ,  September, 1 98 1 ,  8 p .  
This report deta i ls  investigation o f  pit-type 
subsidence over an abandoned mine in a c ity park 
in  Energy, I l l i no is .  The pit measu red 2 1  feet in 
diameter and was approximately 2 1  to 25  feet 
deep . 
Keyword (s} : abandoned mines,  coal m in i ng ,  
l and  mitigation,  reclamation 
Location (s) : I l l inois,  I l l ino is Coal Basin ,  Un ited 
States 
G ibson,  R. D . ,  J .  W. Mahar .  Mon itori ng  Techn iq u·es 
of Smal l  Structu res Subjected to Subsidence 
I nduced G round Movements . I N :  Abandoned M ine  
Reclamation Symposium, November 3 -5 ,  1 982 ,  
Oh io Un ivers ity-Belmont Cou nty, St .  C la i rsvi l le ,  OH ,  
p .  4-2--4-9 . 
The response of structu res to su bsidence 
induced ground movements is dependent u pon the 
sensitivity of the structure as wel l  as its orientation 
and position with in the area of  subsidence . On  s ite 
evaluation of vertical d isplacement, horizontal 
stra in ,  ti lt, and damage surveys, a ids decis ions for 
optimum placement of mon itoring points and 
interpreting structu ra l damage data . 
Keyword (s) : surface structu ral damage, coal 
m in i ng ,  abandoned mines, vertical d isp lacement, 
horizonta l  d isplacement, mon itoring methods 
Location (s) : I l l ino is,  I l l i nois Coa l Bas in ,  Un ited 
States 
G ibson , R. D . ,  J .  W. Mahar .  Th e M id-Continent 
Field : Structu ral Mon itori ng . I N :  Su rface M in i ng  
1 3 4 
Environ mental Mon itori ng and Reclamation 
Handbook, L .V.A.  Send lein ,  et a l . ,  eds . ,  1 983,  Coal 
Extraction  and Uti l i zation Research Center, 
Southern I l l i nois Un ivers ity, Carbondale, U .S . 
Department of Energy Contract No .  DE  AC2 2  80ET 
1 4 1 46,  Elsevier, New York, p. 709-7 1 6 . 
Th is  paper provides a conceptua l  framework 
from wh ich an efficient mon itoring program can be 
designed . The authors state that in a structu ra l 
mon itoring  program,  the response of the structures 
to ground  movements shou ld be determined,  and 
the futu re performance of  the  structu re on a site­
specific basis shou ld be estimated . Field tech n iques 
and mon itor ing point insta l lation are d iscussed from 
a m echan ical  and app l ication point of view. F ina l ly, 
the proposed mon itorin g  method is meant to pro­
vide the reader with an  integrated a pproach for 
checking  pre l im inary assumptions (bu i ld ing location 
and orientation relative to g round movements) ,  
modifyin g  predict ions (changes i n  structu ral 
response due to an outward extension of the 
subsidence profi le ) ,  and accu rately pred icting 
futu re structu ral response . 
Keyword (s) : abandoned mines,  coa l m in ing ,  
room-and-p i l lar, mon itorin g  methods, mon itoring 
insta l lation , su rface structural damage, mon itoring 
equ i pment, vertica l  d isplacement, h orizontal 
d isplacement, prediction 
Location (s) : I l l ino is, I l l i nois Coa l Bas in ,  Un ited 
States 
G ibson , R. D. M ine  Subsidence Camp Butler S ite 
R iverton , I l l i nois,  Progress Report, May 1 98 2  to 
J u ne 1 983 . I l l inois Abandoned M ined Lands 
Reclamation Cou nc i l ,  S pringfield, March , 1 984, 
30  p .  
Th is  report deta i ls  investigation of sag-type 
su bsidence that formed over an abandoned robm­
and-p i l lar  mine.  Damage to the structu res located 
with in  the sag developed pr imari ly with in the fi rst 
few weeks of the su bsidence event. Conti nued 
g round  movements reuslted in on ly minor additiona l  
damages . 
Keyword (s) : su rface structura l damage, 
abandoned mines, coa l m in ing  
Location (s) : I l l i nois, I l l i nois Coa l Basin ,  Un ited 
States 
G i bson ,  R. D . ,  B. C. Schottel . Computerized 
Model ing of Coal M ine  Su bsidence Profi les . I N :  
Proceedings Nationa l  Symposium o n  Min ing ,  
Hydrology, Sed imentology, and Reclamation , 
December 7- 1 1 ,  1 98 7 ,' Springfield, I L, Un iversity of 
Kentucky, Lexington ,  p .  249-252 .  
The intent of th is paper is to i l l ustrate two 
techn iques that can be u sed to model grou nd 
movements with curves th at are math ematical ly 
derived from s ing le Sourier series or  polynomia l  
expansion (and least squares method) equation s .  
The advantages in  expressing  g round  movements in  
terms of  mathematical equ ations i s  that the speed 
and accu racy of the computer can be uti l ized to 
perform the computations and g raph ica l ly portray 
the resu lts . The examples of ground movement 
modeled in  th is paper are associated with sag-type  
subsidence. By  defi n it ion , sag  subsidence is  a 
descriptive term for those fai l u res with i n  u nder­
ground room-and-pi l lar  m ines that propagate to the 
grou nd surface and form e l l iptical ly shaped 
depressions .  
Keyword (s} : coal m in i ng,  prediction ,  computer, 
model ing ,  room-and-pi l lar ,  mathematica l model 
Location (s) : I l l i nois ,  I l l i nois Coal Basin , Un ited 
States 
G ibson , R. D . ,  B. C. Schottel . A Case H istory 
I l l ustrating  the Appl ication of Computerized 
Model ing of Coal Mine S u bsidence Profi les and the 
Development of a Settlement Prediction Techn ique .  
IN :  Proceedings, 3 rd Conference on G round  Control 
Problems in the I l l ino is Coal Bas in ,  Mt. Vernon ,  I L, 
August 8- 1 0, 1 99 0, Y. P .  Ch ugh ,  ed . ,  Southern 
I l l inois Un iversity, Carbondale,  p. 369-3 7 6 .  
A s ing le-story brick school bu i ld ing i s  bei ng  
structu ra l ly damaged by  sag-type subsidence 
developing over an  abandoned coal m ine .  The T­
shaped bu i ld ing is positioned in the sag so that the 
intersection of a l l  th ree wings coin cides with the 
center of  maximum su bsidence.  Two of the wings 
orig inate outside the event  and extend through  the  
tension and com pression zones; the th i rd win g  
extends from t h e  inflection point into the 
compression zone .  The ground  movements were 
mon itored via standard level surveying techn iques 
and analyzed employing  a computer model i ng  
techn ique .  
Keyword (s) : coa l m in ing ,  computer, model ing ,  
prediction , surface structu ral damage, fou ndations,  
arch itecture, abandoned mines, su rvey methods, 
construction,  room-and-p i l lar, su rvey data 
process ing ,  vertical d isplacement, horizontal 
displacement 
Location (s) : I l l i nois, I l l inois Coal Basin ,  Un ited 
States 
G iedl ,  J .  G .  Subsidence Hazard Assessment 
Relating to Abandoned Coal M ines :  Wonth agg i  
Coalfields Region of  South-West G ippsland,  
1 35 
Victori a .  I N :  Proceed ings 1 9th Symposiu m  on 
Advan ces in  the Study of the Sydney Bas in ,  1 985 ,  
Department of  G eology, Un iversity of Newcastle ,  
New South Wales,  p .  7 1 -8 1 . 
Wonthagg i ,  i n  south-western G i ppsland,  i s  an  
a rea where exten sive b lack coal m in ing  has 
occurred from the early 1 840s u nti l the late 1 960s . 
The a rea is largely undermined by a n umber of 
m ines of vary ing depths and extraction th ickness . 
Underm ined areas are prone to su bsidence and the 
Borough  of Wonthaggi  often requests the Depart­
ment of Minera ls and  Energy of Victoria (DME}  to 
eval uate the extent of undermin ing  and associated 
su bsidence potentia l  of proposed bu i ld ing 
a l lotments . The flow of requests and the need to 
constantly refer back to old p lans of var ious scales 
meant that more su itable means for manag ing such 
requests was n eeded . A set of new plans to a 
· 
common metric scale, deta i l i ng  a l l  o ld mine 
locations,  cu rrent su rface road locations, and 
su bsidence r isk zones, was devised to enable rapid 
processing  of any requests and e l iminate the need 
to refer back to ageing workings p lans .  The 
S u bsidence R isk Zone classification scheme for the 
Wonthagg i  reg ion h ad to be created because 
existi n g  risk classifications were not appl icable in 
th is  coalfiel d .  The i nteg ration of plans of n umerous 
sca les and a variety of data was done v ia 
computer .  
Keyword(s ) : coa l min ing,  abandoned m ines, 
com puter, land-use plann ing  
Location (s } :  Austra l ia  
G i l boy, A .  E .  G round Penetratin g  Radar:  I ts 
Appl ication in  the I dentification of Subsidence 
So lut ion Features--A Case Study in  West-Central 
F lor ida . I N :  Karst Hydrogeology: Eng ineering and 
Environmental Appl ications, Proceedings . of  the 2nd 
M u ltid iscip l i nary Conference on S inkholes and the 
Envi ronmental I mpacts of Karst, Orlando, 1 987,  
B . F .  Beck and W . L. Wi lson , eds . ,  Ba lkema, 
Rotterdam,  p. 1 97-203 . 
Keyword (s) : mon itor ing equ ipment 
Location (s} : Florida 
G i les, J. R. A. I dentification of Former Sha l low Coal 
M in i ng  from Aeria l  Photographs :  An Example from 
West Yorksh i re .  I N :  Plann ing  and Eng ineering  
G eology, Proceedings 22nd An nua l  Conference, 
Eng ineering  G roup  of the Geological Society, 
Plymouth Polytech n ic ,  September 8- 1 2 ,  1 986,  
M . G .  Cu lshaw, et  a l . ,  eds . ,  The Geological Society, 
London,  1 987 ,  p .  1 33- 1 36 .  
The presence of sha l low mine work ings is a 
major constra int on plann ing  i n  areas of exposed 
coa lfie ld . The examination of large scale aer ia l  
photographs offers a rapid recon na issance method 
of identifying such workings .  
Keyword (s) : coal m in ing ,  remote sens ing ,  
abandoned mines, eng ineering ,  h istorical 
Location (s) : Un ited Kingdom 
G i l l u ly, J . ,  U. S. G rant .  Subsidence in  the Lon g  
Beach Harbor Area, Cal iforn i a .  Bu l letin of the 
Geological Society of America , v .  60, March , 1 949,  
p .  46 1 -530. 
Su rveys and other observations in  the area of 
Long Beach Harbor, Cal iforn ia ,  i nd icate a general 
subsidence of a large area . It  is a lso h i gh ly 
sign ificant that the subsidence, as ind icated by tide­
gauge records, first became notable i n  1 93 7 ,  
shortly after the beg inn ing  of t h e  development of 
the Wi lmington o i l  field . The effects of a variety of 
mechan isms which cou ld lead to su rface 
subsidence are d iscussed, but the d iscussion 
emphasis is on the effect of petroleum extraction 
on the overlying surface.  
Keyword (s ) : f lu id extraction ,  oi l  extraction 
Location (s) : Cal iforn ia,  Un ited States 
G i rrens,  S .  P . ,  C. A. Anderson ,  J .  G .  Ben nett, M .  
Kramer.  Numerica l Pred iction of S u bsidence With 
Coupled Geomechan ica l -Hydrological  Model in g .  I N :  
Proceedings of Workshop o n  Surface Su bsidence 
Due to Underg round Min ing ,  Morgantown , WV, 
November 30-December 2 ,  1 98 1 ,  S . S .  Peng and M .  
Harth i l l ,  eds . ,  Department of M in ing  Eng ineeri ng ,  
West Virg in ia  Un iversity, 1 982 ,  p .  63-70. 
This paper investigates the development of a 
cou pled fin ite element geomechan ica l -hydrology 
code appl ied to the problem of predicting  
groundwater d istu rbances associated with m ine  
subsidence . I t  inc ludes ana lyses of hydrologic 
model in g .  
Keyword (s ) :  vertical d isplacement, horizontal 
d isplacement, subsurface water, hydrology, 
pred iction,  fin ite element, model i ng  
Location (s) : West Virg in ia ,  Appalach ian  Coal 
Region , Un ited States 
G loe, C. S . ,  J .  P. James, R. J .  McKenz ie .  Earth 
Movements Resu lting  from Brown Coal O pen Cut 
Min ing--Latrobe Val ley, Victori a .  I N :  Proceedings  
4th Annua l  Sympos ium on Subsidence in  M ines,  
A.J .  Hargraves, ed . ,  Austra las ian I n stitute M in i ng  & 
Meta l lu rgy, Wol longong, New South Wales, 
Austra l i a ,  1 973, p. 8- 1 - 8- 1 1 .  
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Large vertica l  and  horizontal earth movements 
h ave resu lted from the development of deep and 
extensive open cuts i n  brown coal deposits . The 
movements a re n ot on ly of s ign ifican ce to safe 
m in i ng  operations,  but a lso affect adjacent a reas i n  
wh ich  major power-generation projects are located . 
Keyword (s) : eng ineeri ng ,  coa l m in ing ,  
p red iction , vertica l  d isplacement, horizontal 
d isp lacement, su rface structu ra l damage 
Location (s) : Austra l ia  
G loe, C .  S . .  Land  S u bsidence Related to Brown Coa l  
Open Cut Operations,  Latrobe Val ley, Victoria, 
Austra l ia . I N :  Proceed ings 2nd I nternational  
Symposiu m  on Land  Su bsidence, Anaheim, CA, 
IAHS-A IHS Publ ication No.  1 2 1 ,  December, 1 97 6, 
p .  3 99-407 . 
Keyword (s) : surface subsidence damage, coal 
m in i ng  
Location (s) : Austra l ia  
G lover, C .  M.  H . ,  N .  E .  Webster .  The Law Relati ng  
to  Damage by  M in i ng  Subsidence and Its Effect on  
M in i ng  Practice . Transactions I nstitute of  M in ing  
Eng ineers ,  London ,  v .  1 1 8 ,  1 958-59,  p .  75-99 ,  
456-45 9 .  
Leg islation i n  G reat Brita in imposed on the 
Nationa l  Coal Board the general l iab i l ity to pay 
compensation for damage resu lti ng  from mine 
subsidence . The development and consequences 
of th is leg islation a re d iscussed together with 
known factors relati ng  to su bsidence damage 
inc lud ing  the preca lcu lation of the ampl itude and 
tim ing  of subsidence . Preventative measures such 
as sol id stowing  a re considered . The importance of 
subsidence damage to the m in ing  industry is 
d iscussed . 
Keyword (s) : vertical d isplacement, horizontal 
d isplacement, law, prediction ,  National  Coal Boa rd,  
backfi l l i ng ,  stowing ,  m ine  operation,  coa l m in i ng  
Location(s) : Un ited Kingdom 
G lover, T .  0. Su rface Subsidence Due to 
Undergroun d  Coal M in i ng  i n  I l l i no is .  Presented at 
S M E/AI M E  Fa l l  Meeting ,  St .  Lou is ,  MO, October 
1 9-2 1 ,  1 977 ,  S M E/AI M E  prepri nt 77-F-324, 8 p .  
Keyword (s) : su rface su bsidence damage, coal 
m in i ng  
Location {s) : I l l i nois, I l l in ois Coa l Basi n ,  Un ited 
States 
G oldreich , A. H. Theory of Land Su bsidences i n  
Coa l  Regions .  With Special Regard to  the  Rai lway 
S u bsidences of the Ostrau-Karwin Coal District. 
Ju l i us  Springer, Berl in , 1 9 1 3 , trans lated by O .L .  
Schwarg, in Unpub l ished Manusctipts, I l l i nois State 
Geological Survey Library, Champaign , 1 78 p .  
I n  th is manuscript, the a uthor describes the 
geological conditions of the Ostrau -Karwin coal 
d istrict. A theory of land subsidence in  
consequ ence of  coa l  m in ing  is  a lso g iven . 
Keyword (s) :  coal m in ing ,  ra i l roads, geologic 
featu res, h istorica l 
Location (s) :  G ermany 
Golze, A. R .  Land  Subsidence--Why the State is  
Concerned . I N :  Proceedi ngs 2nd G eologic 
Conference on Landsl ides and S u bsidence, Los 
Angeles, 1 966, Cal iforn ia Resources Agency, 
Sacramento, p. 97- 1 04.  
Keyword (s) :  f lu id  extraction 
Location (s) : Cal iforn ia ,  Un ited States 
Goodman,  R . ,  S .  Korbay, A. Buch ignan i .  Eva luat ion 
of Col lapse Potentia l  Over Abandoned Room-and­
Pi l lar Mines .  Bu l letin Association of Eng in eering  
Geolog ists, v .  1 7 , no .  1 ,  1 980, p .  27-3 7 .  
Th is paper summarizes the procedure u sed to 
eva luate surface· subsidence hazards posed by 
abandoned room-and-p i l lar  workings beneath a 
school s ite . If the workings are deeper than about  
1 50 feet, the expense of  provid ing deep foun­
dations may be proh ibitive and fi l l i ng  the  m ines may 
be req u i red . However, if i t  can be demonstrated 
that the p i l lars can support the overburden safely, 
the site may be used without such expenses . Th is  
was done at  the particu lar  site by examin ing  the 
impl ications of fa i l u re of  isolated p i l lars on the 
stabi l ity of  contiguous p i l lars and the roof . The 
method u sed is  ?IPPl icable on ly if rel i able  m ine  
maps can be  obta ined . 
Keyword(s) : abandoned mines,  room-and-pi l lar, 
surface structurql damage, g routing ,  p i l lar  strength , 
rock mechanics 
Gormley, J .  T . ,  J .  J .  G u sek, V .  Scovazzo . Case 
Study: The G lenrock, Wyoming Su bsidence Control 
Project. S M E  Fal l  Meeting ,  St. Lou is, MO,  
September 1 986,  S M E-AI ME, p .  83 . 
G len rock, Wyoming,  is underla in by two 
abandoned coal mines . S u bsidence events have 
been recorded over the years,  with increas ing 
frequency in recent years . As part of Wyoming ' s  
Abandoned M i n e  Lands Program,  investigations  
inc lud ing m in i ng  h istory/methods/mappings,  
su bsu rface dri l l i ng ,  and materia l  s ite searches were 
performed . Portions of the mines less than 80 feet 
from the su rface were identified as probable for 
1 37 
subsidence . S ubsidence control by hydrau l ic  backfi l l  
was selected . Design inc luded search a n d  injection 
boreholes; water su pply from the m ines; and s lu rry 
mixi ng ,  transport,  and i njection systems . I njection 
system performance and backfi l l  success is being 
mon itored d u ri ng  construction . 
Keyword (s) : hydrau l ic  backfi l l i ng ,  abandoned 
m ines ,  coal  m in ing  
Location (s) : Wyoming,  Rocky Mounta in  Coal 
Region ,  Un ited States 
Gorre l l ,  G .  R . ,  K. M .  McG u i re .  Major Issues in 
S ubsidence Regu lation . I N :  Proceedings 2nd 
Workshop on S u rface Su bsidence due to 
Underground  M in ing, Morgantown, WV, June  9- 1 1 ,  
1 986 ,  S . S .  Peng ,  ed . ,  West Virg in ia Un ivers ity . 
The legal  issues su rrou nd ing the regu lation of 
subsidence a re among the major concerns facing 
the u n derground  min ing  industry today. Whether 
subsidence .occu rs a lmost immediately as a resu lt of 
longwal l  m in ing  or  without warn ing as a resu lt of 
room-and-p i l lar  m in ing  conducted years ago, the 
resu lt in g  d isputes are h ig h ly controvers ia l  and 
typica l  of  the d isputes i nvolving  the competing  
interests of  surface and minera l  estate owners . 
Unt i l  recently, the law govern ing  these d isputes 
was f i rmly establ ished u nder the common l aw .  The 
passage of the S MCRA, the uti l ization of new 
min i ng  technolog ies, and the genera l  heightened 
environmenta l awareness of our t imes, h owever, 
h ave interjected new issues into this area of the 
law. State and federal cou rt decisions and 
admin istrative agency interpretations h ave he lped 
c larify some of the issues . As evidenced by the 
many recent lawsu its between operators, surface 
owners,  and regu latory agencies, many 
u ncerta inties sti l l  exist. 
Keyword (s) :  law, government, land values,  coa l 
m in ing ,  active m ines, abandoned mines, longwal l  
Location (s ) :  Pen nsylvan ia ,  Appa lachian Coal 
Region , Un ited States 
G randa,  A . ,  J .  Casas, J .  L .  Sastre . Geophysical  
Prospecting for M ined Areas Identification , "San  
Jose11 M ine  Case History (Caceres - S pa in ) .  I N :  
M ine  Water, Proceedings 2nd I nternational  
Congress, G ranada,  Spain,  September 1 985,  R.  
Fernandez-Rubio, ed . ,  v .  2 ,  p .  943-95 1 .  
Geophysical  methods, especia l ly those of 
resistivity, offer interesting  possib i l ities for use in 
the study of some problems that are related with 
subsu rface water and mine d igg ings .  Particu larly 
attract ive due to its versati l ity, ease of use, and 
good resu lts, the "mise-a-la-masse1' method is  
perhaps the one that has the g reatest potentia l  use 
in th is field . The present work is concerned with a 
tria l  carried out in the "San Jose11 M ine (Caceras, 
Spain ) .  Th is mine has been abandoned for years, 
and the authors sought to check the effectiveness 
of the method to define the position of the old 
drifts and the approximate magn itude of the 
explo itation . The resu lts obta ined have been 
completely satisfactory and,  on the basis of these 
resu lts, a more complete study h as been p lanned .  
Keyword (s) :  geophysical ,  abandoned mines ,  
subsurface water, hydrology 
Location (s) :  S pa in  
G rant, U .  S .  Subsidence of the Wi lm ington O i l  F ie ld ,  
Cal iforn ia . I N :  Geology of Southern Cal iforn ia 
Bul letin 1 70, Sec . 3 ,  Ch . 1 0, Eng ineering Aspects 
of Geology, Division of Mines,  State of Ca l iforn ia 
Department of Resources, 1 954, p.  1 9-24.  
This article describes and d iscusses su rface 
su bsidence as a resu lt of oil extraction from the 
Wi lmington oi l  field of Cal iforn i a .  The author d is­
cusses horizontal d isplacements as a resu lt of 
su bsidence and suggests artif ic ia l  repressuring  of o i l  
zones to delay or retard futu re su bsidence but not 
as a mechan ism to restore the surface to its orig i na l  
elevation . 
Keyword(s) : o i l  extraction ,  horizontal 
d isplacement 
Location (s) : Cal iforn ia ,  Un ited States 
G rard, C. Min ing Su bsidence and the Means 
Permitting the Lim it ing of Their Effects on the 
Surface . Revue de L 1 l ndustrie Minera le, v .  5 1 ,  
January, 1 969,  p .  35-70 ( i n  French ) .  
Keyword (s) : su rface structu ral damage, g rou nd 
control 
Location (s) :  France 
G ray, R. E .  Mine Su bsidence and Su pport Methods 
in the Pittsburgh Area . American Society of Civi l  
Eng ineers An nua l  Meeting,  Prepri nt No. 758 ,  1 968 ,  
37  p .  
Keyword (s) : ground control ,  coal m in i ng  
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
G ray, R. E . ,  U. G .  Henderson . Su bsu rface 
Stabi l ization , Hatfield 1s Ferry Power Station . 
Structu res and Hydrau lics Committee M in utes, 
Pennsylvan ia Electric Association , Eng ineering  
Section ,  January, 1 969 . 
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The use of grout co lumns to stabi l ize an  
u n derm ined s ite for  the construction of  an electric 
power station is discussed . 
Keyword (s ) : subsurface structu ral damage, 
ut i l it ies, g rout ing 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
G ray, R. E . ,  J .  F. Meyers . M ine  S ubsidence and 
S upport Methods in  the Pittsburgh Area . I N :  
Proceed ings Jou rna l  of the Soi l  Mechan ics and 
Foundations Divis ion,  American Society of  Civi l  
Eng ineers ,  v .  96, no. S M4, Paper 7407, J u ly 1 970, 
p. 1 267- 1 2 8 7 .  
T h e  Pittsburg h  area exh ibits two d istinct 
subsidence problems : ( 1 )  active m in ing  at depths of 
300 feet or more beneath the su rface; and (2 )  sub­
s idence associated with structures located over old 
mine workings at relatively sha l low depths .  I n  a reas 
of, active m in ing ,  subsidence damage is prevented 
by leav ing coal p i l lars in  p lace to support the g round 
su rface . For structu res located over old m ines with 
sha l low cover, the method of su pport selected is 
d ictated by the cost and the degree of risk the 
owner is  wi l l ing to accept. 
Keyword (s} :  surface structu ral damage, mine 
design ,  grouting ,  room-and-pi l lar, g round contro l ,  
backfi l l i ng ,  eng ineering ,  construction ,  geologic 
featu res, coa l m in i ng ,  active mines, abandoned 
m ines 
Location (s} : Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
G ray, R. E. M ine  Subsidence . I N :  Geology of the 
Pittsburg h  Area,  W .  R .  Wagner, et a l . ,  Pen nsylvan ia 
G eological  S u rvey, General Geology Report G59 ,  
1 970, p .  1 1 1 - 1 1 6 . 
This section describes su bsidence problems 
from both active and abandoned bitu minous coal  
m ines i n  the Pittsburgh area . Protective measures 
a re d iscussed, inc lud ing p i l lar  support, g rout 
colu mns,  and backfi l l in g .  
Keyword(s) : backfi l l i ng ,  grouting ,  abandoned 
mines, active m ines,  room-and-pi l lar  
Location (s) : Pen nsylvan ia ,  Appalach ian Coa l 
Reg ion ,  Un ited · States 
G ray, R. E. Mine Su bsidence, Su pport, and 
Stabi l ization in  Western Pen nsylvan ia .  I N :  
G eolog ical Society of America Annua l  Meeting ,· 
F ie ld Trip G u idebook, 1 97 1 ,  no .  6, p .  25-3 5 .  
Keyword (s) : su rface subsidence damage, coa l 
m in i ng  
Location (s) :  Pen nsylvan ia ,  Appalach ian  Coal 
Region , Un ited States 
G ray, R .  E . ,  H .  A. Sa lver .  Discussion of State of 
Predictive Art in  Subsidence Eng ineeri ng  by B .  
Voight and W .  Pariseau .  IN :  Proceed ings American 
Society Civi l  Eng ineers, Journal of Soi l  Mechan ics & 
Fou ndations Divis ion,  v .  97 ,  no .  S M  1 ,  January, 
1 97 1 ,  p. 258-260. 
Keyword (s) :  prediction 
Location (s) : Un ited States 
Gray, R. E . ,  H .  A. Sa lver. Foun dation S upport in a n  
Undermined Substation . American Society o f  Civi l  
Eng ineers, Nationa l  Structural Meeting ,  Cleveland ,  
O H ,  Apri l  25 ,  1 972 . 
This paper describes the use of fly ash 
injection ,  grout columns,  predri l led p i les, and  
caissons for su pport of  roads and structures i n  a n  
u ndermined power substation . 
Keyword (s) :  surface structural damage,  
fou ndations,  uti l ities, g routing ,  pneu matic 
backfi l l i ng ,  mine waste 
Location (s) :  Un ited States 
Gray, R. E . ,  J. C. Gamble,  R .  J .  Mclaren , D .  J .  
Rodgers . State of the Art of S u bsidence Contro l .  
Appalach ian Regiona l  Commission Report 
ARC-73- 1 1 1 -2550, 1 974, 1 82 p .  
Th is report discusses methods o f  contro l l i ng  or 
preventing  su rface subsidence damage above active 
and abandoned m ines; it conta ins annotated 
bibl iograph ies . 
Keyword (s) :  vertical d isplacement, h orizontal 
disp lacement, mine design ,  backfi l l i ng ,  mon itori ng  
design ,  mon itoring  insta l lation ,  mon itori ng 
equ ipment, ground contro l ,  m ine  operation ,  
l iteratu re search,  active mines, abandoned m ines, 
coal  m in i ng  
Location (s) :  Appalach ian Coal Region , Un ited 
States 
Gray, R .  E . ,  H .  A .  Sa lver, J .  C .  Gamble .  S u bsidence 
Control for Structu res Above Abandoned Coal 
Mines .  I N :  Subsidence Over Mines and Caverns,  
Moisture and Frost Actions,  and  Classification ,  
Transportation Research Record 6 1 2 , 1 976 ,  Part 1 ,  
Transportation Research Board, Wash ington D . C . ,  
1 976, p .  1 7-24. ( NTIS PB  272 844) 
Subsidence of the grou nd  su rface above 
abandoned coal m ines can cause serious damage to 
surface faci l ities . Two categories of techn iques 
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used i n  control l i ng  subsidence are selective support 
for structures and  fi l l i ng  of voids caused by past 
m in i ng  operations .  The particu lar methods used 
m u st be adapted to the loca l geologic sett ing and 
the min ing methods used to extract the coa l ,  as  
wel l  as the support requ i rements of  the structu re 
beca·use these factors vary with i n  any g iven s ite 
and  from one local ity to another.  This paper 
p resents a case h istory of subsidence control for an 
electric su bstation . 
Keyword (s ) : su rface structu ral damage, 
abandoned m ines,  g rou nd  contro l ,  coal m in i ng ,  
pneu matic backfi l l i ng ,  grouting ,  mine waste, 
anthracite, b itu minous ,  h istorical ,  fou ndations 
Location (s) : Appalach ian Coal  Reg ion , Un ited 
States 
G ray, R. E . ,  R .  W. Bru h n ,  R. J .  Turka . Study and 
Analysis of  S u rface S u bsidence Over the M ined 
Pittsburgh  Coalbed . Contract J0366047, GAi 
Consu ltants, I n c . ,  U . S .  Bureau of Mines OFR 25-78 ,  
1 977 ,  374 p .  ( NTIS PB 28 1 5 1 1 )  
The pu rpose of the study was to investigate 
cases of subsidence over abandoned mined-out 
areas of the Pittsburgh Coal identified from pub­
l ished and  u n pu bl ished sou rces . It was a lso to 
determine through  a consideration of the geology, 
topography, c l imate, m in i ng  activity, and evidence 
at g round  su rface, what mechan isms control sub­
s idence and  u nder what c i rcu mstances it takes 
p lace .  The report identifies 354 incidents of 
subs idence in the 8 ,000-square-mi le Pittsburg h  
Coal Region . 
Keyword (s) :  abandoned mines, bituminous,  rock 
mecha n ics, surface structu ral damage, room-an d­
p i l lar ,  economics, part ia l  extraction ,  i nsurance,  
h istorica l ,  coa l  m in i ng  
Location (s) : Pennsylvan ia ,  Maryland,  West 
Virg in ia ,  Appa lach ian Coal Region , Un ited States 
G ray, R .  E . ,  R. W. Bru h n . Subsidence Above 
Abandoned Coal M ines .  I N :  State-of-the-Art of 
G round  Control in Longwal l  M in ing  and M in ing  
Su bsidence, September, 1 982,  Y. P .  Chugh and M .  
Karmis,  eds . ,  S M E-AI M E, p .  253-27 1 .  
Th is  paper reviews the development of coa l 
m in i ng  i n  the Un ited States; it i ncludes a d iscussion 
on subsidence characteristics inc lud ing modes, t ime 
effects, overbu rden th ickness, and l ithology. 
Keyword (s) : vertical d isplacement, horizonta l  
d isp lacement, backfi l l i ng ,  abandoned mines, 
longwa l l ,  room-an d-pi l lar, h istorica l ,  t ime factor, 
economics, coa l m in i ng  
Location (s) : Un ited States 
G ray, R .  E . ,  R .  J .  McLaren . Research Needs i n  
Subsidence Abatement Over Abandoned M ines .  I N :  
Proceedings, Workshop o n  S u rface Subsidence Due 
to Underground Min ing ,  Morgantown , WV, 
November 30-December 2, 1 98 1 ,  S . S .  Peng and  M .  
Harth i l l ,  eds . ,  Department of M in ing  Eng ineeri ng ,  
West Virg in ia  Univers ity, 1 982 ,  p .  259-273 . 
A review of subsidence abatement methods 
resu lted i n  identification of items where research 
may impact the current state of tech nology i n  m ine  
su bsidence control . These research needs are 
p resented to stimu late d iscussion of their  
importance i n  subsidence abatement and to 
encourage fu nd ing agencies,  researchers, and 
p ractitioners to work on them . 
Keyword (s} :  abandoned m ines,  hydrau l ic 
backfi l l i ng ,  pneu matic backfi l l i ng ,  g routi ng ,  
su bsidence research , surface structu ra l damage, 
structu ra l m itigation 
Location (s) : Un ited States 
G ray, R .  E . ,  R. W. Bru h n .  Coal M ine  S ubsidence-­
Eastern Un ited States . I N :  Man- I nduced Land  
Subsidence, Geological Society of  America Reviews 
in  Eng ineering Geology VI , 1 984, T . L. Holzer, ed . ,  
p .  1 23- 1 49 .  
Underground coal m in ing  has occu rred beneath 
eight m i l l ion acres of land i n  the Un ited States, two 
mi l l ion of which have been affected by subsidence . 
Most of this min ing  has taken place i n  the eastern 
ha lf of the cou ntry (east of the 1 OOth merid ian } ,  
where thousands of acres i n  u rban a reas a re 
th reatened by subsidence . 
Keyword (s) : coal m in ing ,  active m ines,  
abandoned mines,  surface structu ral damage, 
vertica l d isplacement, horizontal d isplacement 
Location (s} : I l l i nois Coal Bas in ,  Appalach ian  
Coa l  Reg ion,  Un ited States 
G ray, R .  E. Coal Mine Subsidence and  Structu res . 
I N :  M ine  I nduced Subsidence : Effects on Eng ineered 
Structu res, Proceed ings of the Symposiu m ,  
Nashvi l le,  T N ,  May 1 1 , 1 988 ,  ASCE Geotech n ical 
S pecial  Publ ication No .  1 9, p. 69-8 5 .  
This paper briefly reviews the magn itude of the 
subsidence problem in  the Un ited States resu lti ng  
from underground coal m in ing ,  presents the 
s imi la rities and d ifferences between subsidence 
over abandoned and active mines, contrasts the 
experience in  the Un ited States with Eu rope; and 
considers the ro le of grou nd-structu re interaction 
and structura l deta i ls i n  su bsidence damage.  
Keyword (s) : coa l  min ing,  surface structura l  
damage, abandoned mines,  eng ineering ,  active 
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mines,  pred iction ,  horizonta l  d isplacement, 
fou ndations 
Location (s) : Il l i nois,  I l l i nois Coal Basin ,  
Pen n sylva n ia ,  Appalach ian  Coal Region , Un ited 
States, Eng land,  Europe 
G ray, R .  E. S u bsidence Over Abandoned Coal 
M ines .  I N :  Proceedings,  3rd Conference on G round 
Control Problems i n  the  I l l i nois Coal Bas in ,  Mt. 
Vernon ,  I L, August 8- 1 0, 1 990, Y. P .  Ch ugh ,  ed . ,  
Southern I l l i nois Un ivers ity, Carbondale, p .  
322-344. 
Underground  coal m in i ng  has occu rred in  the 
Un ited States for more than  200 years, resu lting  in 
a lmost 70,000 abandoned or i nactive underground 
m ines .  The r isk  of  su bsidence over these 
abandoned mines is  dependent u pon the amount 
and extent of m in ing  and the characteristics of the 
m ine  floor, the coa l  p i l lars, and the overbu rden . 
Keyword (s) : abandoned mines, coal m in ing ,  
su rface structural damage, h istorica l ,  overburden , 
p i l lar  strength , floor stabi l ity, land-use p lann ing ,  
backfi l l i ng ,  i nsurance,  structu ra l m itigation , soi ls 
Location (s) : Wyoming,  Pen nsylvan ia ,  Virg i n ia ,  
I l l i nois Coa l  Bas in ,  I l l i nois,  Appalach ian Coa l  Reg ion ,  
Un ited States 
G ray, R .  E . ,  R .  W. Bru h n ,  R .  J. Turka, K. K. Koh l i .  
G u idance M a n u a l  on  S u bsidence Contro l .  GAi 
Consu ltants, I n c . ,  Monroevi l le ,  PA. ,  Office of 
S u rface M in i ng  Reclamation and Enforcement 
Techn ical  Report 596, 1 99 1 , 1 27 p. ( NTIS 
PB9 1 -228403) 
Th is  manual  was developed as an a id for the 
preparation of subsidence control p lans for 
u n dergro u n d  coa l m in i ng  operations .  It describes 
the subsidence process and reviews ava i lable 
su bsidence prediction methods . Each mining area is  
u n ique and  d ifferent states have d ifferent regu latory 
program requ i rements, consequently r clear 
com m u n ication between the state regu latory 
a uthority and the m ine  operator is needed so that 
specific needs and requ i rements of the subsidence 
control regu lations are understood and met. 
Keyword (s) : room-and-p i l lar, longwal l ,  
shortwal l ,  coal m in i ng ,  law, partial extraction 
Location (s) :  Un ited States 
G ray, R .  E . ,  R .  W. Bru h n . Structural Damage - M ine  
S u bsidence or ???  IN :  Proceedings Th i rd Workshop 
on S u rface Subsidence Due to Undergrou nd  M in i ng ,  
J u n e  1 -4, 1 992 ,  S . S .  Peng,  ed . ,  Morgantown, WV, 
p. 1 1 3- 1 20 .  
Th is paper presents i nformation on d istress to 
structures and briefly reviews a n u mber of causes 
of ground movements other than  subsidence . These 
inc lude mass movements, d issolution ,  erosion , frost 
action,  shr ink ing and swel l ing ,  yield into excava­
t ions, and compressib i l ity . 
Keyword (s) : surface structural damage, soi ls,  
eng ineering,  coal m in i ng ,  vertical d isp lacement, 
horizontal d isplacement 
Location (s} : Un ited States 
G rayson ,  R. L. , G .  Mishra .  Understand ing  and 
Contro l l ing Subsidence Over A Lon gwal l  Pane l . 
Session paper, American Mi·n i ng  Congress 1 98 2  
Coal Convention ,  S t .  Lou is ,  MO,  May 9- 1 2 , 1 98 2 ,  
23 p .  
A private residence located a t  mid-panel ,  
length -wise and width-wise, was undermined by a 
longwal l  u n it operating  i n  the Pittsburgh  coal seam . 
The surface, approximately 400 feet above the 
seam ,  was closely mon itored for subsidence 
effects . Th is paper presents action taken i n  an  
attempt to  m in im ize subsidence damage to  the 
dwel l ing . It  a lso presents the resu lts from biweekly 
survey-grid mon itori n g .  S u bsidence development 
curves, contour  maps, d ifferentia l  settlement data, 
and pictures reflect ing the extent of damage to the 
surface structu re are presented i n  an  ana lysis of the 
s ituation .  
Keyword (s} : longwa l l ,  surface structural 
damage, mon itoring  methods, su rvey methods, 
active mines,  coal m in ing ,  structural m itigation ,  
fou ndations 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
G reen , J .  H. Compaction of the Aqu ifer System and  
land  Su bsidence i n  t he  Santa Clara Val ley, 
Cal iforn ia . U .S . Department of the I n terior, 
Geological Survey Professiona l  Paper 450-D, 
Geological Survey Research 1 962,  p .  0 1 75-0 1 78 .  
Keyword (s) : f lu id extraction ,  hydrology 
Location (s) : Ca l iforn ia ,  Un ited States 
G reen , J .  H. The Effect of Artes ian-Pressu re Decl i ne  
on Confined Aqu ifer Systems i n  Areas of Land  
Subsidence .  Journa l  of  Geophysical  Research , v .  
67 ,  1 962,  p .  353 2 .  
Keyword (s ) :  flu id  extraction , hydrology 
Greenfield,  R. J . ,  P. M. Lavin ,  R. R. Par izek. 
Geophysical Methods for Location of Voids and  
Caves . IN :  Proceedings 2nd  I nternationa l  
Sympos ium on Land  Su bsidence, Anahe im,  CA, 
1 4 1 
IAHS-A IHS  Publ ication No .  1 2 1 ,  December, 1 976,  
p .  465-484.  
Keyword (s} : geophysical 
G reenwald ,  H. P . ,  E. R. Maize, L .  Hartman ,  G .  S .  
Rice . Stud ies of Roof Movement i n  Coa l M ines, I .  
Montour  1 0  M ine of the Pittsburgh Coa l Co . U . S .  
Bu reau of M ines B 2 5 ,  1 9 1 2 . 
Keyword (s ) :  roof stabi l ity, coa l m in i ng  
Location (s } : Pen n sylvan ia ,  Appalach ian Coal 
Region , Un ited States 
G reenwald,  H .  P . ,  S .  Avins ,  G .  S .  Rice . 
Compress ib i l ity and  Bearin g  Strength of Coal i n  
P lace . U . S .  Bureau  of  M ines Techn ical  Paper No .  
5 2 7 ,  1 933,  1 2  p .  
I n  a n  experimenta l  mine, tests were made by 
applyi ng  a pressu re from a hydrau l ic jack aga inst a 
coal  face .  
Keyword (s} : p i l lar  strength , i n  situ testing ,  coal 
m i n i n g  
Location (s ) : Un ited States 
G reenwald ,  H .  P . ,  E. R. Maize, I .  Hartman n ,  G .  S .  
R ice . Stud ies of Roof Movement i n  Coal Mines .  
U . S .  Bureau of  M ines R I  3355,  1 937 ,  41  p .  
Laboratory and i n  situ strength measurements 
were performed on specimens of Pittsburgh  sand­
stone,  Pittsburgh  coa l ,  and mine  props through a 
cooperative agreement with the Pittsburgh Coal 
Company.  
Keyword (s) : roof stabi l ity, roof support, mine 
waste, rock mechan ics, lab testi ng ,  i n  s itu testing ,  
coa l  min ing,  l iterature search 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion , U nited States 
G reenwald,  H .  P. Physics of Subsidence and 
G round  Movement i n  Coal Mines .  Appl ied Physics, 
v. 8, n o .  7, 1 937 ,  p. 462-469 . 
The author describes or reviews tests ru n by 
various investigators on the properties of coal and 
coal-measure strata . 
Keyword (s) : floor stabi l ity, mathematical model, 
p i l l a r  strength, t ime factor, lab testing ,  overburden , 
coal m in i ng ,  rock mechan ics, geotechn ical 
G reenwald ,  H. P . ,  H. C. Howarth , I .  Hartman n .  
Experiments o n  Strength of Smal l  Pi l lars of Coal i n  
the Pittsburg h  Bed . U .S .  Bureau of  Mines Tech n ical 
Paper No. 605, 1 939 ,  22  p .  
Tests for compressive strength a n d  other 
properties were performed i n  s itu on seven smal l  
coal  p i l l a rs .  
Keyword (s ) :  p i l lar  strength , i n  s itu test ing ,  floor 
stabi l ity, coal m in i ng  
Location (s) : Pennsylvan ia ,  Appalach ian  Coal  
Region , Un ited States 
G reenwald,  H .  P . ,  E. R. Maize . Stud ies of Roof 
Movements i n  Coal M ines .  U . S .  Bureau of M i n es R I  
3452, 1 93 9 .  
Th is report d iscusses floor heave, timber 
fa i l u res, the effect of overlying  sandstone,  and  the 
magn itude of surface subsidence with regard to 
roof studies in  the Crucible M ine .  
Keyword (s) :  roof stabi l ity, overbu rden , floor 
stabi l ity, coa l m in ing  
Location {s} : Appalach ian  Coa l  Region,  U n ited 
States 
G reenwald,  H .  P . ,  H .  C. Howard , I .  Hartman n .  
Progress Report--Experiments o n  Strength of S mal l  
P i l lars of  Coa l i n  the Pittsburgh  Bed . U . S .  Bu reau of 
M ines RI 3575,  June,  1 94 1 . 
Th is report presents resu lts of five compression 
tests on i n  s itu p i l lars .  
Keyword (s) :  p i l lar  strength , rock mechan ics, i n  
situ testing ,  coal m in ing  
Location (s) : Pen nsylvan ia ,  Appa lach ian  Coal 
Region , Un ited States 
G reenwald,  H .  P. S u rface Factors Affecti ng  P i l lar  
Recovery.  Min ing Congress Journa l , · v. 35,  no .  3 ,  
1 949, p .  54-57 . 
Keyword (s) :  p i l lar  extraction , coa l m in i ng  
G ren,  K.  Model l i ng  the  Propagation of  the  Effects of 
M in ing  Exploitation by Means of a Photoelectric 
Analog . I N :  Proceedings,  I n ternationa l  Science 
Symposium on Mine Surveying ,  M in ing  G eology and  
the  Geometry of M ine  Deposits, Prague,  
Czechoslovakia,  August 26-30, 1 969 ,  Conference 
Paper 1/ 1 ,  v .  1 ,  Sec .  1 ,  1 969 ,  1 7  p .  
Keyword (s ) :  model ing 
G resley, W. S .  Cu lm F i l l i ng : How It May Be Used 
Advantageously i n  M in ing  Anth racite by the 
Longwal l  System .  Col l iery Eng ineering ,  v .  1 4, 
September, 1 8 93,  p .  3 2 .  
Th is article suggested appl ications t o  modify 
the longwal l  system to recover more coa l .  The 
method requ i red su itable terra in  and plenty of 
ava i lable fi l l .  
Keyword (s) : stowing,  longwal l ,  anth racite, coa l 
m in ing ,  geologic features, h istorical 
Location (s) : Un ited States 
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G riffith , W .  F lush ing  of Cu lm in Anth racite Mines .  
Journa l  of  the Fra nk l in  I nstitute, v .  1 49 ,  1 900, p .  
27 1 .  
Th is article covers the fi rst use of hydrau l ic 
backfi l l i ng  for subsidence prevention and roof 
contro l  in anth racite coa l m ines .  
Keyword (s} : hydrau l ic backfi l l i ng ,  roof stabi l ity, 
anth racite, coal m in i ng  
G riffith , W.  Method of  Su pporting  M ine  Roofs by 
Blasti ng  Down Roof and Blastin g  F loor Up .  Un ited 
States Patent no .  1 ,004,4 1 9 , M ines and Minerals,  
v.  32, 1 9 1 1 ,  p .  279 and 402 . 
G riffith 1 s  patent was a proposal for blasting the 
roof and/or floor and a l lowi n g  the fractured rock, 
wh ich bu lks and occu pies a larger volu me, to 
rema in  in p lace as permanent support p i l lars .  The 
rock could a lso act as a dam for hydrau l ic 
backfi l l i ng  materia ls .  
Keyword (s) : hydrau l ic backfi l l i ng ,  roof support 
Location (s) : Un ited States 
G riffith , W . ,  E .  T. Con ner .  M in i ng  Condit ions Under 
the C ity of Scranton ,  PA, Report and Maps. U . S .  
Bureau o f  M ines B 25,  1 9 1 2, 8 9  p .  
M i n e  p lans a n d  cross sections of the Scranton 
area a re inc luded . Strength and  compress ib i l ity of 
a nthracite p i l lars and  backfi l l  materia ls a re 
d iscussed . 
Keyword (s) : backfi l l i ng ,  m ine  waste, h istorical ,  
roof support, pi l lar strength , coal m in ing ,  anthracite 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
G rigorovich ,  V. T . ,  Y. A. Makhan ' ko, A. V. l saev . 
S u rface S u bsidence Dur ing the Working  of a 
Sequence of Seams at the "Kaierkan 11 Pit of the 
Nori l ' sk  Coalfie ld . Soviet M in ing  Science, no.  2 ,  
1 965,  p .  8 6-93 . 
S u rface effects and subsidence parameters of 
m i n ing  the u pper fou r  seams at the Nori l  ' sk 
Coa lfield ,  where permafrost extends to 200 meters, 
a re d iscussed . 
Keyword (s ) :  m u ltip le-seam extraction ,  su rface 
subsidence damage, geologic featu res, coal m in i ng  
Location (s ) :  Soviet Un ion 
G rim,  R .  E . ,  V .  E .  Al len . Petrology of the 
Pen nsylvan ian  Underclays of I l l i no is .  Bu l leti n ,  
Geolog ical Society o f  America,  v .  49 , 1 938 ,  p .  
1 485- 1 5 1 4. 
Keyword (s) : floor stabi l ity, lab testing 
Location (s) : I l l i no is,  I l l ino is Coa l  Bas in ,  Un ited 
States 
G rond,  G .  J .  A .  Distu rbances of Coal Measu res 
Strata Due to Min ing  Activity . I ron and Coal Trades 
Review, v . 1 60, 1 949, p . 1 323- 1 326,  1 377- 1 382 ,  
1 445- 1 449; v .  1 6 1 ,  1 950, p .  37-40, 85-88,  
1 35- 1 37 f 1 97-200, 244-25 1  f 295-297 I 3 94-3 9 7  • 
This series of articles gives a short h istory of 
subsidence i nvestigations and early theories, 
principa l ly those from Germany.  
Keyword (s) :  h istorica l ,  prediction ,  overburden ,  
su bsidence research , coal m in i ng  
Location (s) : Germany 
G rond,  G. J. A.  The Precise Topograph ical 
Measurements i n  Coal-Mine  Undergrou nd  Works . 
I N :  Proceedings I nternationa l  Conference About 
Rock Pressu re and Support i n  the Workings ,  Liege, 
Belg i um,  Apri l  24-28,  1 95 1 ,  l n stitut Nationa l  de 
l 1 l ndustrie Charbonn iere, 1 5  p .  
When we want t o  get an  exact idea of 
movements and pressures occurr ing in works and  
ga l leries, i t  is very usefu l and even necessary, fi rst 
to consider movements occurrin g  at a certa in  
d istance from· the  face . Th is  paper deals with 
research made in  this field by the su rveyors of the 
Dutch State Mines.  The observations made in 
Hol land do not apply i ntegra l ly to other coa l 
d istricts, for i n  one s ing le district we observe fa i rly 
considerable d ifferences and contradictions .  I t  wi l l  
be usefu l ,  however, to compare them with 
observations made abroad,  for the methods of 
observation are often nearly identica l ,  and the 
resu lts may g ive us  more accu rate ideas .  
Keyword (s) :  coa l m in i ng ,  survey methods, 
overburden , mon itor ing methods, geologic features 
Location (s) : Hol land 
G rond,  G.  J .  A.  A Critical Ana lysis of Early and 
Modern Theories of M in ing  Subsidence and  G round  
Control . Powney-Parker Pu bl icity Services, Ltd . ,  1 st 
ed . ,  1 953,  57 p .  
The author provides a critical  ana lysis of 
Eu ropean subsidence prediction methods, i nc lud ing  
both early and modern theories . 
Keyword (s) :  vertical d isplacement, horizonta l  
displacement, prediction ,  pred iction theories, 
grou nd control ,  h istorical 
Location (s) : Eu rope 
Grand,  G .  J .  A.  G round Movements Due to M in in g .  
Col l iery Eng ineeri ng ,  v .  34, Apri l ,  1 957 ,  p .  
1 57- 1 58; v .  34, May, 1 957,  p .  1 97-205 . 
The author d iscusses theories of groun d  
movements occasioned b y  t h e  win n i ng  o f  m inerals,  
particu larly with coa l m in ing .  Survey observations 
1 43 
a re cons idered, i n  particu lar  exact su rvey 
measu rements to . establ ish an outl i ne  of the 
phenomena of movement i n  their various aspects . 
Keyword (s) : surface su bsidence damage, 
overburden ,  coal m in i ng ,  survey methods, 
pred ict ion , prediction theories 
Location (s) :  Un ited Kin gdom 
G rand ,  G .  J .  A. G round Movements Due to M in i ng  
W ith Different Types of  Strata and at  Different 
Depths .  I N :  Proceedings of European Congress on 
G round  Movements,  Leeds, Eng land,  Apri l  9 - 1 2 ,  
1 957 ,  London Harrison ,  p .  1 1 5- 1 2 7 .  
T h e  author d iscusses t h e  theory of arch support 
with respect to m ine  su bsidence by summariz ing  
papers presented by other investigators in th is  field . 
Keyword (s) : overbu rden,  geolog ic featu res 
G rowitz , D .  J .  Hydrogeologic Factors that May 
Affect Mine Dra inage i n  the Anthracite Reg ion of 
Pen n sylvan ia ,  Eastern Un ited States . Symposiu m  on 
Water in M in i ng  and Underground Works, S IA MOS­
-78 ,  G ranada,  Spa i n ,  1 978,  p. 1 53- 1 72 .  
Hydrologic a n d  water-qua l ity data col lected 
d u ri n g  a 2 -week period of average flow were u sed 
in a reg iona l  ana lysis of mine  dra inage in the 
a nthracite coal  reg ion of Pen nsylvan i a .  The ana lysis 
shows that the flow and qua l ity of mine dra inage 
a re i nfluenced by { 1 )  proportion of land surface i n  
the coa l  fie lds d istu rbed by m in ing ,  {2 )  residence 
t ime of m ine  water, (3)  changes in the hydrologic 
system due to cessation of pumping and the 
recovery of water levels,  and (4) method of m in i ng .  
Keyword (s) :  hydrology, coal m in ing ,  anthracite,  
subsurface water, environ ment, surface water, 
m ine  waste 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
G ray, D .  L . ,  R .  C. Moore . Appl ication of 
Electrote l l u ric  Geophysical  Tech n iques to 
S u bsurface Void Exploration in  Su bsidence 
I nvestigation and  Contro l .  F ina l  Report to Office of 
S u rface Min ing ,  Reclamation and  Enforcement by 
G oodson & Associates I n c . ,  Denver, CO, January, 
1 989 ,  1 76 p .  ( NTIS PB90-267246) 
Resu lts from a series of eva luations on the 
Petro-Sande i nstru ment emphasize the difficu lty in  
del i neati ng  subsurface cavities .  The degree of 
success ach ieved in detect ing coal at Marissa, 
I l l i nois,  i nd icates that the instru ment may n ot be 
su ited for deta i led s ite characterization ,  but it may 
be usefu l as a pre l im inary i nvestigative too l .  
Keyword (s) : abandoned mines,  coa l m in i ng ,  
geophysical 
Location (s) :  Colorado, Rocky Mounta in  Coal 
Region , West Virg in ia ,  Pennsylva n ia ,  Appa lach ian 
Coa l Region , I l l in ois,  I l l inois Coa l  Bas in ,  Un ited 
States 
G uangxiao, D . ,  Z. Yiaoqi .  Land  S u bsidence i n  
Ch i na .  I N :  Land  Subsidence, Proceed ings 3 rd 
I n ternational  Sympos ium on Lan d  S u bsidence, 
Ven ice, Italy, March 1 9-25,  1 984, A . I .  Joh nson , L .  
Carbogn in ,  and L.  Uberti n i ,  eds . I n ternationa l  
Association  of Hydrolog ical Sciences Pub l ication 
No . 1 5 1 ,  1 986, p . 405-4 1 4. 
The most serious land su bsidence occu rs i n  
areas with thick a n d  f ine-gra ined loose sediments or  
with sha l low-bu ried karst, which is  ma in ly at­
tributed to groundwater pump ing  for water su pply 
or dewatering of the mine.  It is  a lso c losely related 
to the local  geological  environ ments .  The paper 
describes the eng ineerin g  geologica l  and hydro­
geolog ical condit ions and their influence on land 
subsidence i n  some of  the  studied areas .  I t  a lso 
g ives a brief account of measu res to bri ng  l and  
subsidence u n der control . 
Keyword (s) :  surface subsidence damage, 
geologic features, fl u id extraction 
Location (s) : Ch ina 
G u ither, H .  D. ,  S .  A .  Neff. Appra isal  of Farmland  
Overly ing Underground Coa l Mines .  Journ a l  of  the  
American Society of  Farm Managers and  Rura l  
Appra isers, October, 1 983,  v .  47, no .  2 ,  p .  49-50.  
Extens ive l iteratu re of  undergrou nd  coa l  m in ing  
exists but  the documentation concern i ng  its 
economic effects on agricu lture is  l imited . 
Underground min ing  does use smal ler amou nts of 
surface lands than surface m in ing  for comparable 
coal  production . The coal  is extracted without 
d isturb ing the u pper so i ls ,  u n less subsidence,  
p lanned or u n planned,  occu rs . I n  view of the 
growin g  concern for damage from mine su bsidence, 
a research project was begun  i n  I l l inois to assess 
the economic effects and pol icy impl icat ions of 
u nderground coa l m in ing  u pon agricu ltu ra l l and .  Part 
of th is project involved an effort to determine the 
effects of subsidence upon land va lues .  
Keyword (s) : land va lues, land-u se plan n i ng ,  
agricu ltu re,  economics, coal m in i ng ,  m ine  waste, 
abandoned mines, active mines, surface water 
Location (s ) :  I l l inois,  I l l ino is Coal Basin ,  Un ited 
States 
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G u ither, H .  D .  The Economic Effects of Subsidence 
from Underground  Coal M in i ng  on Agricu ltu ral Land  
i n  I l l i no is .  Research Report to  U .S .  Bureau of  M ines 
Twin  Cities M in i ng  Research Center, M inneapol is,  
M N ,  Contract No. H02220 1 0, 1 984, 60 p .  
I n  a survey o f  I l l i nois agricu ltu ra l  extension 
advisers, su bsidence was reported i n  3 1  cou nties . 
The most frequently reported problems were 
stand ing  water; depress ions,  d isru ption of surface 
dra inage, b roken t i le l i nes ,  and reduced crop yields .  
Keyword (s) : agricu lture,  su rface subsidence 
damage,  economics, surface water, subsurface 
water, uti l it ies, coa l m in i ng  
Location (s} :  I l l i nois,  I ll in ois Coa l Bas in ,  Un ited 
States 
G u ither, H .  D. Coal M ine  Subsidence on I l l in ois 
Farmland .  I l l i nois Agricu ltural  Economics Staff 
Paper, n o .  84E-297,  Ju ly 1 984, 6 p .  
Th is paper suggests the need for fu rther 
research i nto the areas of identification of where 
subsidence has occurred, complete yield sampl ing  
and  tests, and  best m itigation methods. 
Keyword (s} : agricu ltu re, land mitigation,  active 
m ines,  coal m in i ng ,  economics, longwal l ,  h igh­
extraction retreat, room-and-pi l lar, land val ues 
Location (s ) :  I l l i nois, I l l i nois Coal Basi n ,  Un ited 
States 
G u ither, H .  D . ,  J .  H ines,  R. A. Bauer .  The Economic 
Effects of Underground  M in i ng  Upon Land  Used For 
I l l i nois Agricu lture . Department of Energy and 
Natu ral Resou rces, Docu ment 85/0 1 , Spr ingfie ld, 
I L, 1 98 5 .  
T h e  objectives of th is project were to inventory 
acreage overlyi ng  u n dergroun d  mines i n  I l l i nois,  
assess the extent of su bsidence overlying coa l 
m ines, assess economic effects of subsidence for 
landowners ,  gather i nformation about tax 
assessment pol ic ies in subsidence areas, and 
develop and  assess pol icy a lternatives to dea l  with 
subsidence problems on I l l i nois agricu ltural l and .  
Keyword (s ) :  economics, agricu ltu re,  coa l 
m in i ng ,  law, land m itigation,  i nsurance,  soi ls,  
su rface structu ra l  damage, active mines, abandoned 
m ines 
Keyword (s) : I l l i no is,  I l l ino is Coal Bas i n ,  Un ited 
States 
G u ither, H .  D. The Mine  Su bsidence Threat to Soi ls . 
Journa l  of Soi l  and Water Conservation , January­
February, 1 986,  p .  2 1 -23 .  
Th is article covers subsidence, the exten t  of the 
problem in  re lation to the 1 977 Federa l  Su rface 
M in ing  Control and Reclamation  Act, the extent  of 
damage, and agricu ltural costs of subsidence from a 
1 983 survey of I l l inois extens ion  advisers . 
Keyword (s) :  soi ls, agricu ltu re, environment, 
law, surface subsidence damage,  coal  m in i ng  
Location (s ) :  I l l i nois, I l l i nois Coa l Basin ,  Un ited 
States 
G u l lachsen , B. C .  Hydrau l ic  Stowing in the Gold 
M ines of the Witwaterstran d .  Transactions 
I n stitution of Min i ng  Eng ineers ,  London,  v .  48 , 
1 9 1 4- 1 5 f p • 1 2 2- 1 3 9 • 
Th is paper describes mechan ics of sand fi l l i ng  
in  gold mines of  South Africa . 
Keyword (s) :  hydrau l ic  backfi l l i ng ,  stowing ,  
metal m in ing  
Location (s) : South Africa 
G u pta, R. N . ,  I .  W. Farmer. Relations Between 
Strata Deformation and Support Performance on  
Longwal l  Faces . IN :  Strata Mechan ics, Proceedings  
of  the  Symposium,  Un iversity of  Newcastle-upon­
Tyne, Apri l ,  1 982 ,  l .W.  Farmer, ed . ,  Elsevier, New 
York, p .  7- 1 2 . 
Keyword (s) :  longwal l ,  overburden,  rock 
mechan ics 
G u pta, R .  N . ,  I .  W .  Farmer .  Strata Deformation and  
Su pport Performance a t  a Longwal l  Face . I N :  
Proceedings 5th I nternationa l  Congress, 
I nternationa l  Society for Rock Mechan ics, 
Melbourne,  Apri l ,  1 983 . 
Dur ing a series of deta i led observations on 
th ree retreating longwal l  faces at Westoe Col l iery, 
Tyne and Wear, Un ited Kingdom, the effect of 
settin g  pressu re on support performance and strata 
deformation was investigated . I ncreased setting  
pressu res, resu lting  i n  an i ncrease i n  settin g  load 
density, were shown to reduce convergence and  
face spa l l i ng as  wel l as  roof f laki n g .  Th is  was 
shown to resu lt ma in ly from the change in  roof 
strata deformation from a wedge shaped com­
pression zone with tension at the face edge to an 
even beam shaped compression zone over the face 
area . 
Keyword (s) :  longwal l ,  rock mechan ics, 
overburden , coal m in ing ,  roof su pport 
Location (s) : Un ited Kingdom 
G u pta, R. N . ,  K.  P .  M u kherjee .  P i l lar  Extraction i n  a 
Mu lti-Section Work ing of a 1 3m Thick Seam Based 
on Strata Deformation I nvestigations .  I N :  
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Proceedings  2nd  Conference on G round  Control 
Problems i n  the I l l ino is Coal Basi n ,  May 1 985 ,  Y. P .  
C h u gh , ed . ,  South ern I l l i nois Un iversity, Carbondale,  
p .  9 8- 1 06 .  
A retreatin g  system of p i l lar  extraction i n  a two­
section  work ing was developed based on con­
s iderable strata deformation  i nvestigations .  The 
system was successfu l ly used to extract p i l lars i n  a 
1 3 . 4  m th ick seam at a col l iery i n  Jharia Coalfie ld 
( I nd i a ) .  Ear l ier attem pts to extract two sections 
s imu ltaneously proved abortive and resu lt ing i n  
punctur ing of  parting  and  overrid ing of  p i l la rs, 
wh ich led to complete loss of a few panels .  The 
success of the new method is  a resu lt of extracting  
the  bottom section  p i l lars in  t he  destressed zone .  
I t  provides good face venti lation;  better strata 
condit ions; and  concentration of work in  a few 
p laces, enab l ing  effective supervision , enhanced 
production ,  i ncreased productivity, •and  maximum 
percentage of  extraction . It a lso min imizes loss of 
coal  in the form of ribs . 
Keyword (s) :  coal m in i ng ,  p i l lar  extraction ,  
g round  control 
Location (s} :  I nd ia  
G u rtunca,  R .  G . ,  E .  H .  R .  Schu mann .  Computer 
S imu lation of S u rface Subsidence Using  a 
D isplacement D iscontin u ity Method . I N :  
Proceed ings ,  SANGORM Sympos ium,  October 2 1 ,  
1 986,  Sandton , South Africa, I nternationa l  Society 
for Rock Mechan ics, South African Nationa l  G roup, 
p .  8 1 -87 . 
Resu lts of computer model i ng  of surface 
subsidence above longwal ls  at th ree d ifferent 
col l ier ies a re described . A computer program based 
on the displacement d isconti n u ity method was used 
to s imu late subsidence profiles and  maximum 
subsidence .  Model i ng  of  static and dynamic profi les 
were carried out separately; resu lts show a l inear 
relationsh ip  between elastic parameters of the 
su rround ing  rock, the th ickness of dolerite, and the 
face advance .  
Keyword (s) : computer, model ing,  longwal l ,  
p rediction,  f in ite e lement, geologic features, coa l 
m i n ing  
Location (s} : South Africa 
G u sek, J. J . ,  J. T. Gorm ley . Tu be-A-Manchette 
G routi ng  As An Abandoned Mine  Stabi l ization 
Method . I N :  Proceedings, Symposium on Evolution 
of Abandoned rytine Land  Technolog ies, R iverton ,  
WY, J u n e  1 4- 1 6, 1 989,  p .  336-355 . 
A method of stratified grout ing and  a h igh­
strength,  h igh -flu id g rout m ixtu re was used to 
stabi l ize the near-su rface rock beneath a school  i n  
Superior, Wyomin g .  The school is  u ndermined and  
damage was related to  the probab i l ity of  trough  
su bsidence, wh ich caused d ifferentia l  settlement i n  
the foundation u n its . 
Keyword(s) : abandoned mines, surface 
structu ra l  damage, grouting ,  fou ndations ,  structu ra l 
m itigation , geolog ic featu res, h i storica l ,  coa l m in i ng ,  
economics 
Location (s) : Wyomin g ,  Rocky Mounta in  Coal  
Reg ion ,  Un ited States 
G ustkiewicz, J .  F leksyjne  Deformacje  Terenu  W 
Zasiegu Wplywow Eksploatacj i  Gorn iczej ( F lexu ra l 
Deformations of the Su rface With in  the Area of 
M in ing  Effects) .  Arch iwu m Gornictwa,  v .  1 7, n o .  2 ,  
1 972,  p .  83- 1 1 6 . 
Keyword (s) : surface subsidence damage 
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G u stkiewicz,  J . ,  A.  Kanci ru k, L. Stan islawski . Some 
Advancements i n  So i l  Stra in  Measurement Methods 
with Specia l  Reference to M in i ng  S u bsidence . 
M in i ng  Science and  Technology, v .  2, no .  4, 1 985 ,  
p .  237-252 . .  
I nvestigations of phenomena associated with 
rock mechan ics make it necessary to carry out long­
term measurements of two- and th ree-d imensiona l  
states of stra ins .  Stud ies h ave been conducted for 
a n um ber of years to design measuri ng  devices that 
can be i nsta l led i n  the soi l  to a l low long-term 
observation  of the stra in  states . The basis of these 
i nstruments is  a vibrating-wire stra in  transducer.  
The effects of envi ronmental factors on the 
measuri ng  i nstrumentation insta l led i n  the soi l  over 
a n u m ber of years was also i nvestigated . 
Keyword (s ) : soi ls,  mon itori ng methods, 
mon itoring  equ ipment, rock mechan ics, soi l  
m echa n ics 
Location (s) : Poland 
Haas, C . ,  S .  Tangchawal . Relation Between 
Eng ineering  Properties and  Clay M ineralogy for 
I l l i nois Coa l Mine Roof Shales and Underclays . I N :  
Proceedings, 3rd Conference o n  G round  Control 
Problems in  the I l l i nois Coal Basin ,  Mt. Vernon ,  I L, 
August 8- 1 0, 1 990, Y. P .  Ch u g h ,  ed . ,  Southern 
I l l i no is Un iversity, Carbondale,  p. 48-72 .  
This research was u ndertaken to determ ine  if 
the eng ineering  properties and moistu re-sensitive 
index properties of I l l i nois coal m ine  roof sha les and  
u nderclays are related to  clay and non-clay m inera l  
content. A fu l l  su ite of laboratory property tests 
were performed on core from five m ines in the 
I l l i nois Basin . The resu lts, in  the form of regression 
equations, ind icate that ( 1 )  eng ineering  properties 
have a h igh  degree of correlation with the tota l clay 
minera l  content, mixed-layer m ineral content, and  
quartz content; and  (2 )  the moistu re absorption 
phenomena are nearly d i rect fu nctions of tota l clay 
minera ls ,  m ixed-layer m inera ls,  i l l ite, and quartz . 
The h igher the c lay mineral and clay-size contents 
i n  the materia ls,  the lower wi l l  be the rock durab i l ity 
and stabi l ity . 
Keyword (s) :  roof stabi l ity, floor stabi l ity, coal 
m in ing ,  eng ineeri ng ,  lab testing ,  geolog ic featu res, 
rock mechan ics 
Location (s) :  I l l i nois, I l l i nois Coa l Basi n ,  Un ited 
States 
Haben icht, H . ,  E. Ursch itz . Rib P i l lar  Extraction --An 
Alternative to Long  Wal l i ng  and  S hort Wal l i ng . 
S M E-AI M E  Preprint No .  86-65 , for presentation at 
the S M E  An nua l  Meeting ,  New Orleans,  LA, March 
2-6, 1 986,  1 3  p .  
Requ irements for fu l l  extraction i n  underground  
coal m in ing  ca l l  for i nexpensive, safe techn iques to 
be competitive with conventiona l  methods . 
Longwal l  and shortwal l  systems are to some extent 
employed for this purpose .  Another method wou ld 
be rib p i l lar  extraction and p i l lar  extraction . These 
methods are compared with respect to procedure,  
equ ipment, safety, roof contro l ,  i nvestment, output, 
performance, and costs . 
Keyword (s) :  longwal l ,  shortwal l ,  economics, 
p i l lar  extraction ,  roof stabi l ity, coa l m in i ng ,  m ine  
design 
Hackett, P .  An Elastic Ana lysis of Rock Movement 
Caused by M in i ng .  Transactions AI M E, v .  1 1 8 , n o .  
7, Apri l ,  1 959,  p .  42 1 -43 3 .  
This paper describes work done a t  the 
Un iversity of Nottingham by Professor R.  H i l l .  H i l l ' s  
conception of a longwa l l  workin g  was a horizontal 
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crack i n  an  i nf in ite mediu m .  H i l l  a lso suggested the 
methods by which the existence of a free surface 
and  the resu lt of excavation closure are i nvesti­
gated , and he formed the basic problem for the 
a l lowance of crush ing  of the coal . 
Keyword (s) : conti n u u m  mechan ics, 
phenomenological  model,  g rou nd control ,  e lastic 
model ,  longwal l ,  model ing 
Location (s) : Eng land 
Hackett, P .  Prediction  of Rock Movement by E lastic 
Theory Compared With l ns itu Measurements . Rock 
Mecha n ics & Eng ineeri ng  Geology, Supplement 1 ,  
1 964, p .  8 8- 1 02 .  
Keyword (s) : prediction,  elastic model, model i ng ,  
phenomenolog ical model ,  rock mechan ics, i n  s itu 
testin g  
Ha imson , B . ,  C .  Fa i rh u rst . I n -situ Stress Deter­
m ination at G reat Depth by Means of Hydrau l ic 
Fractu ring .  I N :  Rock Mechan ics-Theory and 
Practice,  Proceed ings 1 1 th Sympos ium on Rock 
Mecha n ics, Un iversity of Cal iforn ia ,  Berkeley, J u n e  
1 6- 1 9 , 1 969 ,  W . H .  Somerton ,  ed . ,  S M E-AI M E ,  
New York, 1 970, p .  559-584.  
Th is paper extends the criterion for  hydrau l ic 
fractur ing and  reports on some laboratory tests on 
s imu lated boreholes . Some interesting field resu lts 
a re a lso mentioned . 
Keyword (s ) :  rock mechan ics, lab testing 
Location (s) :  Un ited States 
Hake, S .  S .  A Review of Eng ineeri ng Geological  and 
G eotech n ica l  Aspects of Town and Country 
Pla n n in g  with Particu lar  Reference to Minera ls and  
the Extractive Processes . IN :  P lan n i ng  and 
Eng ineeri ng  Geology, Proceedings 22nd An n ua l  
Conference, Eng ineering  G roup of  the  Geological 
Society, Plymouth Polytech n ic, September 8- 1 2, 
1 986,  M . G .  Cu lshaw, et a l . ,  eds . ,  The Geological 
Society, London, 1 987 ,  p .  69-74. 
The objective of th is  paper is to demonstrate 
the importan ce of, and connection between , town 
and  country p la nn i ng  matters and the need for 
eng ineer ing geological  and geotechn ical 
assessments .  One section cons iders Britsh Coal ' s  
r ights o f  work ing a n d  their  obl igation to consu lt and 
to make reparations for su bsidence damage caused 
by u n dergrou nd coal m in i ng  activities . 
Keyword (s) : land-use p lan n i ng ,  law, 
govern ment, coal m in ing ,  structu ra l  m itigation 
Location (s) :  Un ited Kingdom 
Hakelberg, F .  F lexible Bitumi nous Bases for Areas 
of M in ing  Subsidence . Strassen-Asphalt u n d  
Tiefbau-Techn ik, v .  9 ,  1 95 6, p .  6 5 7  ( i n  G erma n }; 
also Road Abstract No .  247, March, 1957 ( in  
Eng l ish } .  
Keyword (s) : su rface su bsidence damage, 
construction,  roads 
Ha lat, W. An Analysis of the Beh aviour  of the Roof 
Over the Longwal l  Working . Gorn ictwo,  Quarterly 
of Stan islaw Staszic Academy of M in i ng  and  
Meta l l u rgy, Cracow, Poland ,  v .  1 5 , no .  4, 1 99 1 ,  p .  
247-257 ( in  Pol ish;  Eng l ish summary) . 
Computer calcu lations were rea l ized for the 
d iscrete n u meric rock mass model  correspond ing  to 
the geolog ical-m in ing  cond itions of one of the Hard 
Coal Mines .  Critical state of the rock mass was 
described by the Cou lomb-Mohr  flow function . The 
resu lts were ana lyzed graph ica l ly .  I n  areas where 
the rock mass was destroyed, formi n g  relaxed 
zones,  va lues of secant modu le of the stress­
deformation rock mass characteristic, in the form of 
a laminar  plan , were determi n ed .  The varyin g  val u es 
of the secant modu le, not being  a characterist ic 
featu res of strength properties, may determi n e  the 
changes in  the rock mass structu re destruction . 
Keyword (s) : model ing ,  fi n ite e lement, coal 
m in i ng ,  longwal l ,  active mines,  roof stab i l ity, 
computer 
Location (s) : Poland 
Halbaum,  H .  W .  G .  The Action ,  I nfl uence and  
Control of  the  Roof i n  Longwal l  Workings .  
Transactions I n stitute of M in ing  Eng ineers, London ,  
V .  2 ,  1 903, 22  p .  
Keyword (s) :  longwa l l ,  roof stabi l ity, roof 
support 
Ha lbaum,  H .  W.  G .  The G reat Planes of Stra in  i n  
t h e  Absolute Roof of Mines . Transactions I n stitute 
of M in ing  Eng ineers, London,  v. 6, 1 905, 1 8  p .  
Keyword (s} : roof stab i l ity 
Ha l l ,  B . ,  S .  G lyn n .  Road Cross ing of M ined Out  Reef 
Outcrops : Two Case H istories . I N :  COMA: 
Proceed ings of Symposium on Construction Over 
Mined Areas, Pretoria, May 1 992 ,  South African 
I nstitution of Civ i l  Eng ineers, Republ ic  of South 
Africa, p .  1 85- 1 9 1 . 
The cross ing of mined-out go ld reef outcrops by 
new roads posed particu lar  cha l len ges as 
economical a lternative solutions were sou ght .  The 
geotechn ical investigations and the a lternatives to 
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the more frequently used but expensive grouti ng  
methods a re described . 
Keyword (s) : g routing ,  roads, metal m in ing ,  
geotechn ica l ,  mon itoring  methods 
Location (s) : South Africa 
Ha l l ,  B. M .  S u bsidence Prediction Methods and 
I nstru mentation for Caved Longwal l  Coa l  Mines .  
M i n era l Resources Eng ineeri ng  and Management 
Program ,  Northwestern Un ivers ity, Evanston ,  I L, 
M R E M  R 1 07 ,  August, 1 980, 1 28 p .  
Th i rty-th ree subsidence models for caved 
longwa l l  coa l m ines are i nvestigated . The emphasis 
of th is study inc ludes eva luation of the ab i l ity of the 
models to pred ict subsidence,  examination of the 
assumptions i n  the models, and i nd ication of the 
areas for improvement.  The data from fou r  
i nstrumented longwal l  panels a re presented to 
determine  which geologic tra its influence the 
amount  and  pattern of subsidence, and if i n  s itu 
data can be obta ined to improve the prediction 
methodology. 
Keyword {s) : vertical d isplacement, horizonta l  
d isp lacement, su rvey methods, su rvey equ ipment, 
p rediction ,  longwal l ,  prediction theories, coal 
m in i ng ,  empirical m odel ,  stochastic model , 
phenomenological  model,  e lastic model,  
mathematica l  model , viscoelastic model 
Location (s) : I l l i nois,  New Mexico, West Virg i n ia ,  
I l l i no is Coal Bas in , Rocky Mounta in  Coal Region ,  
Appalach ian  Coa l  Region 
Hal l ,  B .  M . ,  C. H. Dowd ing .  Prediction of 
S ubsidence from Fu l l  Extraction Coal M in i n g .  
I nternationa l  Jou rna l  o f  Rock Mechan ics a n d  M in i ng  
Sc iences & Geomechan ics Abstracts ,  v .  1 9 , no .  3 ,  
June ,  1 982 ,  p .  305-3 1 2 . 
The authors examine empirical and 
phenomen ological  methods for predicting  
su bsidence over longwal l  panels . 
Keyword (s) : vertical displacement, horizonta l  
d isplacement, longwal l ,  prediction ,  prediction  
theories, coa l  m in i ng ,  empirical  model, 
phenomenological  model 
Locat ion (s } :  I l l i nois,  New Mexico, West Virg i n ia ,  
I l l i nois Coa l  Basin ,  Rocky Mounta in  Coal Reg ion , 
Appalach ian  Coa l Region , Un ited States 
Ha l l ,  H .  C. Mason ry Bu i ld ings :  Construction on 
S u bsidence S ites . I N :  Proceedings,  North American 
Mason ry Conference, August 1 4- 1 6, 1 978 ,  
Un iversity of  Colorado, Bou lder, Mason ry Society, 
Denver, Paper 84, 1 97 8 ,  1 2  p .  
Keyword (s) :  eng ineeri ng ,  construction ,  
arch itecture 
Location (s) :  Un ited States 
Ha l l ,  M . ,  R .  J .  Orchard . S u bsidence Profi le 
Characteristics . Chartered Surveyor, v .  95, no. 8, 
February, 1 963,  p.  422-42 8 .  
Keyword (s) : su rvey data processi n g  
H a l l ,  R .  D .  Squeezes i n  M ines and  Their  Causes . 
M ines and Minerals ,  v .  30, no .  5 ,  1 909,  p .  
286-287 . 
Keyword (s) :  floor stab i l ity 
Ha l l ,  R. D. The Strength of Mine  Roofs . M ines and  
Minerals, v .  30 ,  1 9 1 0. 
Keyword(s) :  roof stab i l ity 
Ha l l ,  R .  D. Permanent Roof Sustens ion . Coal Age, 
v .  1 ,  January 20, 1 9 1 2 , p.  48 1 .  
The article describes and  supports G riffith 1 s  
process o f  blasting  up  t h e  floor and  blastin g  dow n  
the roof to produce roof su pports a n d  darns for 
hydrau l ic f lush i n g .  
Keyword (s ) :  hydrau l ic backfi l l i ng ,  roof support, 
coal m in i ng  
Harn,  B .  W .  The  I mpact of  Underground  Coal 
M in ing  on Farm ing .  I N :  M in i ng  and Environ ment, A 
Professional  Approach , Nationa l  Conferen ce,  
Brisbane,  J u ly 1 987,  p .  33-40. 
The proportion of coal production from 
u nderground operations i n  Queensland  is l i kely to 
i ncrease in the futu re . A portion of this i ncrease wi l l  
come from mines workin g  u nder fa rming  areas .  The 
degree of compatib i l ity between u n derground  coal  
min ing operations and farm ing  is examined .  Two 
case h istories are considered in deta i l .  
Keyword (s) : coal m i n i n g ,  agricu lture, su rface 
water, soils, longwal l ,  room-and-pi l lar,  subsurface 
water, mu ltiple-seam extraction 
Location (s) :  Austra l ia  
Hambleton ,  R .  B .  l nspectorial Aspects of 
Subsidence with Special Reference to the 
Newcastle Coal Fields . I N :  Proceed ings 4th An n u a l  
Symposiu m  on Su bsidence in  M ines,  Wol longong,  
Austra l ia ,  February 20-22,  1 973,  A.J .  Hargraves, 
ed . ,  Austra lasian Institute M in ing  & Meta l l u rgy, 
l l lawarra Branch,  Paper 1 4, p. 1 4- 1 -- 1 4-3 . 
Techn ica l  aspects of the admin istration of the 
Mine Subsidence Compensation Act ( 1 96 1 ) are 
i nvestigated by the New South Wales (Austra l ia )  
Mines I nspectorate . Some areas are exten sively 
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u n derm ined by ancient coal workings,  some of 
which are very close to the surface . I n  other a reas, 
coa l deposits are bei ng  m ined at g reater depths or 
wi l l  be m ined i n  the not too d istant futu re . 
Keyword {s) : su rface subsidence damage, coal 
m i n i ng ,  active m ines,  abandoned mines, surface 
structural damage;  law, govern ment, structura l 
m it igation ,  m it igation , l and m itigation 
Location (s) : Austra l ia 
Hammon d ,  A .  J . ,  G.  W. Plant .  The Stabi l ization of 
O utcrop Work ings for a Mu lti-Storey Bui ld ing in 
Joh a n n esbu rg .  I N :  Proceedings, SANGO R M  
Sympos ium,  October 2 1 , 1 986,  Sandton ,  South 
Africa, I n tern ationa l  Society for Rock Mechan ics, 
South Afr ican Nationa l  G roup,  p. 53-5 8 .  
T h e  desire for land close to the central bu i ld ing 
d istrict and  the consequent  esca lation i n  cost led to 
a reap praisal  of u n dermined ground in th is area . 
Th is  paper describes the investigation and  
treatment of  a s ite requ ired for development of  a 
m ulti -story bu i ldi n g . The treatment method chosen 
enabled physica l  i nspection of the actua l  workin gs, 
and the stab i l i zat ion consisted of the construction 
of concrete buttresses fol lowed by specia l ized 
grouti n g .  
Keyword (s) : abandoned mines,  meta l m in i ng ,  
h i storica l ,  eng ineeri ng ,  construction ,  surface 
structu ra l damage,  geotechn ical ,  fou ndations 
Location {s) : South Africa 
Hanes ,  J . ,  J .  Shepherd . M in i ng  I nduced C leavage, 
C leats and  I n stantaneous O utbursts i n  the Gemin i  
Seam at Leich hardt Col l iery, Blackwater, 
Queenslan d .  I N :  Proceedings,  Austra lasian I nstitute 
of M in i ng  and  Meta l l u rgy, n o .  277,  March , 1 98 1 ,  p .  
1 7-26 .  
Megascopic and  m icroscopic studies of  cleats 
and  m i n ing  i nduced cleavage in the first workin gs at 
Leichhardt Col l iery revea led the presence of fou r  
d istinct fracture sets . M icroscopic stud ies 
confi rmed u n derground observations of the fractu re 
sets . 
Keyword {s) : coal m in ing ,  geologic featu res, 
active m ines 
Location (s) : Austra l ia  
Hanna ,  K . ,  K .  Haramy, D .  Conover.  Field 
I nvestigations  of Roof and Pi l lar Stabi l ity i n  Coal 
Mine I n tersections .  I N :  Proceedings 2nd Conference 
on  G ro u n d  .Control Problems i n  the I l l i nois Coal 
Bas in ,  May 1 985 ,  Y. P .  Chugh ,  ed . ,  Southern I l l i nois 
U n iversity, Carbondale,  p. 7 6-83 . 
This report describes a rock mechan ics 
instrumentation program conducted in an 
underground coa l mine in  centra l  I l l i nois . Th is 
research project was designed to provide a bas ic 
u nderstand ing of pre- and post-min i ng  roof 
stresses, p i l lar  loading ,  strata movement, floor 
heave, and bolt load ing  at coal m ine  intersections .  
The instru mentation p lan,  a description o f  the 
instruments insta l led in  and aroun d  a four-way 
intersection,  and  the data obta ined duri ng  the 
development of the intersection a re presented . Data 
col lected inc lude physical properties of coal and  
rock, strata l ithology, strata movements ,  in  s itu 
stresses, m in ing- induced stresses, and roof bolt 
load ing .  An ana lysis of observations made and  
instru mentation resu lts obta ined during 
development and i n it ia l  mon itor ing of  the 
intersection is a lso presented . 
Keyword (s) : coal m in ing ,  rock mecha n ics, 
i nstru mentation , roof stabi l ity, roof support, roof 
bolting ,  p i l lar  strength,  geologic featu res, 
geotechn ica l ,  in situ testing ,  m ine  safety, 
monitoring  methods 
Location (s) : I l l inois, I l l inois Coa l Bas in ,  Un ited 
States 
Hanna ,  K . ,  D. Conover, P. H .  Lu . I ntegrity Factor 
Approach to Assess the Stab i l ity of Room-and-P i l lar  
Mines .  I N :  Proceedings 7th I nternationa l  Conference 
on Ground Control i n  M in ing ,  Morgantown,  WV, 
August 3-5 , 1 98 8 ,  S .S .  Peng ,  ed . ,  Department of 
M in ing  Eng ineering ,  West Virg in ia  Un ivers ity, p .  
20-29 . 
The integrity factor approach was developed by 
the US BM to assess the stabi l ity of m ine  p i l l a rs and  
has  been appl ied pr imari ly to  longwal l  cha i n  p i l l a rs .  
Recently, th is approach was appl ied to a room-and­
pi l lar  mine i n  the I l l ino is Coal Basin .  A specia l  
configuration of  hydrau l ic borehole pressure cel ls 
was instal led in a p i l lar  to determine the in  s itu 
strength-and-stress relationsh ip  of the coa l p i l l a r  
and to verify the appl icabi l ity of  the i ntegrity factor 
approach . Resu lts ind icate that the integrity factor 
approach is appl icable to the assessment of p i l lar  
stabi l ity .  The integrity factor approach may be a 
rea l istic and effective approach for room-and-p i l lar  
mine design .  
Keyword (s) : room-and-pi l lar, m ine design ,  
mon itor ing equ ipment, instru mentation , coal m in i ng ,  
p i l la r  strength 
Location {s) : I l l inois, I l l ino is  Coal Bas in , Un ited 
States 
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Han na,  K . ,  D .  P .  Conover. Design  of Coal M ine  
Entry I ntersections .  SME Preprint 8 8-39 ,  for 
p resentation at S M E  Annua l  Meeting ,  Phoen ix,  AZ, 
January 25-28,  1 98 8 ,  1 1  p .  
This paper describes a method to improve coal 
m ine  entry intersection design and considers the 
effect of i n  s itu stresses, local geologic condit ions, 
rock physical  properties, and m in ing  sequence.  
Development of the method i s  discussed , includ ing  
the resu lts of  field i nstru mentation studies and 
n u merical model i ng  i nvestigations .  G round control 
stud ies conducted by the US BM in  two under­
g round mines in the I l l i noi s  Coal Basin have shown 
that in  s itu horizontal stresses and roof geology 
h ave a critica l  effect on intersection stabi l ity .  
Methods to reduce the adverse effects of these 
parameters are emph asized . Typical  fai l u re behavior 
is presented to i l l ustrate proposed control methods 
to a l leviate adverse ground conditions .  
Keyword (s) : coa l m in ing ,  m i n e  design ,  geologic 
features, rock mechan ics, i nstrumentation , 
model i ng ,  roof stabi l ity, roof bolting ,  g rou nd  
contro l ,  horizontal d isplacement, vertica l 
d isp lacement 
Location (s) : I l l inois,  I l l i nois Coal Bas in ,  Un ited 
States 
Hanna ,  S . , P. Corlew, D .  Cote . Su rface Subsidence 
Mon itori n g : Su rveying Techn iques .  I N :  Surface 
M in i ng  Environ mental Mon itor ing and Reclamation 
Handbook, L .V .A. Sendlein ,  et a l . ,  eds . ,  Coal 
Extraction and Uti l ization Research Center, 
Southern I l l ino is Un ivers ity, Carbondale,  U . S .  
Department of Energy Contract N o .  DE  AC2 2  80ET 
1 4 1 46,  Elsevier, New York, 1 983,  p .  6 1 3-622 .  
The  objective of  the  paper is to  describe su rvey 
procedu res that can be used in least-cost 
su bsidence mon itoring  systems for mines of var ious 
s izes, types, and reg ions . 
Keyword (s) : mon itori ng  methods, vertical 
d isplacement, horizonta l d isplacement, mon itor ing 
equ i pment, su rvey equ ipment, survey methods, 
survey design ,  mon itor ing i nsta l lation 
Location {s ) :  Un ited States 
Hann on , J .  B . ,  B. E. McGee . G round Subsidence 
Associated with Dewatering  of a Depressed 
H ighway Section . I N :  Subsidence over Mines and 
Caverns,  Moistu re and Frost Actions, and 
Classification , Transportation Research Record 6 1 2 , 
F . R .  Zwanz ig ,  ed . ,  1 976, _ Nationa l  Academy of 
Sc iences, Wash ington ,  D . C . ,  83 p. (NTIS PB 272 
8 44) 
Su bsidence of land areas adjacent to construc­
tion of an  interstate h ighway is reported . Fou nda­
t ion settlements of structures adjacent to a de­
pressed section occurred as a resu lt of pumping 
groundwater during  construction dewateri ng  opera­
tions . Pre l iminary recommendations and actua l  
construction dewatering  operations a re d iscussed . 
The stabi l ity of the Sacramento R iver levee and  the 
possib i l ity of p ip ing during  h igh  water were 
s ign if icant factors in p lann i ng  the dewateri n g  
operation . 
Keyword (s} : roads, h ydrology, subsurface 
water, foundations, f lu id extraction 
Location (s} : Cal iforn ia ,  Un ited States 
Hao, Q.-W ., Y. P. Chugh . Surface S u bsidence 
Characteristics Resu lt ing from Secondary M in i ng  in 
an  I l l inois Mine. I N :  Proceed ings, 3 rd Conference on 
Ground Control Problems i n  the I l l i no is Coal Basin ,  
Mt.  Vernon ,. I L, August 8- 1 0,  1 99 0, Y. P .  C h u g h ,  
ed . ,  Southern I l l inois Un iversity, Carbondale,  p .  
285-300. 
Su rface subsidence characteristics resu lt in g  
from secondary m in ing  (p i l lar  notch ing }  were 
stud ied for three p i l lar  sizes (sol id ) : 7 0  x 70  feet, 
70 x 55 feet, and 55 x 55 fet . Two patterns of 
subsidence trough were observed : sha l low and 
deep .  The former occurred over 70 x 70  feet p i l l a rs ,  
and subsidence characteristics were s imi lar  to those 
observed over u n n otched areas . Maxi m u m  sub­
sidence of about 0 .  1 0  feet was observed i n  th is 
area . The deep trough was observed over the 70 x 
55 and 55 x 55 feet p i l lars .  I n  th is case, more than  
2 feet of  maximum subsidence was observed; 
about ha lf of which occurred immediately after the 
development of p i l lar  notches . This qu ick sub­
sidence was casued by the s ink ing of the p i l lars i nto 
weak floor strata . Deformations in the deep trough  
were much larger than  those i n  the  sha l low trough 
but  sti l l  smal ler than those due to longwal l  
m in i ng .Surface subsidence was correlated with 
the p i l lar  settlement.  
Keyword (s} : p i l lar  extraction ,  coal m in i ng ,  
active mines, p i l l a r  strength , floor stabi l ity, partia l  
extraction , room-and-pi l lar, su rvey methods, survey 
design ,  geolog ic features, survey equ ipment 
Location (s) :  I l l i nois,  I l l in ois  Coal Basin ,  Un ited 
States 
Hao, Q . -W . ,  Y. P. Chugh . Potentia l  of a Void 
Diffusion Model to Pred ict Longwal l  S u bsidence in 
the I l l i nois Coal Basin .  I N :  Proceed ings 9th 
I nternational  Conference on G round Control in 
1 5 1  
Min i ng ,  J u n e  4-6, 1 990, S .S .  Peng ,  ed . ,  West 
Virg i n i a  Un iversity, Morgantown ,  p. 1 99-206. 
The authors attempt to apply a s impl ified non­
h omogen ous void d iffusion model  ( N HVDM)  to 
predict su rface subsidence for longwal l  m in i ng  i n  
I l l i no is .  A genera l ized error function su bsidence 
profi le is  derived from this model .  The model 
va l idation i nd icates that the N HVDM approach 
appears to fit the observed subsidence data as wel l  
or  better tha n  the error and  the trigonometric 
functions,  particu la rly around  the trough edge 
areas . 
Keyword (s) : longwal l ,  coal m in ing ,  model i ng ,  
overburden 
Location (s ) : I l l i nois ,  I l l i nois Coal Bas in ,  Un ited 
States 
Hao,  Q. W . ,  W. M. M a .  Void Diffusion Models for 
Ana lysis and  Prediction of Mine  Subsidence . I N :  
Rock M echan ics Contri butions and Chal lenges : 
Proceedings 3 1 st U . S .  Symposium,  Golden , CO, 
J u n e  1 8-20,  1 990, Balkema ,  Rotterdam, p .  
203-2 1 0. 
A variety of methods of exist for prediction of 
su rface subsidence over longwal l  mines .  The Void 
Diffus ion Model ,  based on physical  concepts, is  
developed for conditions  i n  Ch inese coa l m ines . The 
concept of void d iffusion with bu lking  is  i ntroduced . 
The three physical  pri nciples, conservation of void 
volu me, l i near  void d iffus ion,  and l inear  void 
convection  are presented and used to derive 
govern i n g  equations .  Model val idation aga inst field 
data is  shown . 
Keyword (s } :  model ing ,  pred iction,  longwal l ,  coal 
m in i ng  
Location (s) : Ch i na  
Hao ,  Q . -W . ,  Y .  P .  Chugh ,  W . - M .  Ma . Prediction of 
Lon gwa l l  M ine  S u bsidence Based on a Non l i near 
Void Diffusion Model . I N :  Proceed ings V I I I  Congress 
I nternationa l  Society for Mine  Su rveying, September 
22-27,  1 99 1 , Un iversity of Kentucky, Lexin gton , 
U KY BU 1 54, p .  279-2 8 2 .  
I n  th is  paper, a non l inear fin ite element ap­
proach of the void d iffusion model is establ ished to 
predict m ine  subsidence.  The non l i near charac­
teristic curve of void d iffusion coefficient can be 
estimated from a su bsidence profi le observed at a 
ha lf- inf in ite m in i ng  condition . Relationsh ips between 
the void d iffusion coefficient and the subsidence 
va l ue,  which are the bases for n on l inear  prediction , 
were formu lated for a Ch inese coal field and  a 
Un ited States coa l m ine .  
Keyword (s} : model i ng ,  f in ite e lement, coal  
m in ing ,  active mines, longwal l ,  pred iction 
Location (s} :  Ch ina ,  Un ited States 
Hao, Q. W . ,  Y. P. 'Chugh . An Eng ineeri ng  Approach 
to Predict Subsidence Like l i hood Over Abandoned 
Coal  Mines i n  I l l i nois .  I N :  Proceedings Th i rd 
Workshop on Surface Subsidence Due to Under­
grou nd  Min ing ,  June  1 -4, 1 992 ,  S .S .  Peng ,  ed . ,  
Morgantown, WV, p .  1 89- 1 96 .  
I n  t h i s  paper, t he  authors attempt to  develop 
eng ineeri ng-based approaches for est imati ng  safety 
factors aga inst p i l la r  and floor fa i l u res and  pre­
dict ing the l i ke l i hood of subsidence events over 
abandoned coal mines in  I l l i no is .  There a re two 
critica l problems involved in the ana lysis :  deter­
mination of geotech n ical properties and con­
sideration of t ime effect . The authors attem pt to 
so lve the problems by generati ng hypotheses, 
wh ich a re then used to modify existing  eng ineeri n g  
models for estimating  p i l lar  and  floor safety 
factors . 
Keyword (s } :  abandoned m ines, coa l m in i ng ,  
prediction , floor stabi l ity, p i l l a r  strength , 
eng ineering ,  model i ng ,  geotechn ical  
Location (s) : I l l i no is,  I l l i nois  Coal Basin ,  Un ited 
States 
Hao, 0 . -W . ,  Y. P. Ch ugh . Subsidence Model i ng  i n  
Abandoned Coal M ines in  I l l i no is :  I mpl ications for 
G IS-Based Risk Assessment. I N :  Proceedings  4th 
Conference on G round Control for M idwestern U . S .  
Coal M ines, Mt. Vernon , I L, November 2-4, 1 992 ,  
Y. P .  Chugh  and  G .  Beasley, eds . ,  Southern I l l i nois  
Un ivers ity, Carbondale, p .  353-372 . 
This paper examines some of the backgro u nd 
materials related to mine su bsidence problems and  
subsidence model i ng  in  I l l i nois .  The  resu lts of 
statistical and eng ineering ana lyses based on a well  
developed Abandoned M ine  Subsidence Events 
Database are presented . F ina l ly, the concepts and  
models of  pred icting subsidence r i sk  and  the 
imp l ications for G IS-based subsidence r isk 
assessment a re suggested . 
Keyword (s) : abandoned m ines, coal m in i ng ,  
model i ng ,  i nsurance 
Location (s ) :  I l l i nois,  I l l i nois Coal Bas in ,  Un ited 
States 
Harada,  K . ,  T. Yamanouch i .  Land S u bs idence in the 
Saga Pla in ,  Japan ,  and Its Ana lysis by the Ouasi­
Th ree-Dimension al Aqu ifer Model . Geotechn ical  
Eng ineering ,  v.  1 4, no.  1 ,  1 983,  p .  23-54 . 
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Keyword (s} : surface su bsidence damage, 
model i ng ,  subsu rface water, flu i d  extraction 
Location (s } : Japan 
Haramy, K. Y. , J .  A .  Magers, J .  P .  McDonnel l .  
M i n i n g  Under Strong Roof.  I N :  Proceed ings 7th 
I nternationa l  Conference on G round  Control in 
M in i ng ,  August 3-5,  1 988,  S .S .  Peng ,  ed . ,  Depart­
ment of M in i ng  Eng ineeri ng ,  West Virg in ia  
U n iversity, Morgantown , p .  1 79- 1 94.  
Strong roof he lps  m in im ize roof fal l  problems in  
coa l  m ine  entries . The inab i l ity of  strong roof to 
cave read i ly may contr ibute ,  however .  to major 
g round  contro l problems i n  longwal l  and retreat 
m i n i n g  operations .  The concern expressed by m ine  
operators prompted th i s  US BM study to  ana lyze the 
effects of strong  roof members on g round stab i l ity 
arou n d  longwal l  open ings .  The problem was 
approached from th ree d i rections :  development of a 
theory to ana lyze the stra i n  energy conditions in the 
coal and surrou nd ing  strata, model i ng  of the effects 
of d ifferent th icknesses and strengths of coal and 
roof strata , and  field i nstru mentation of  powered 
s u pports in two longwal l  m ines .  
Keyword (s} : roof stabi l i ty, geologic features, 
coal m in i ng ,  longwal l ,  h i gh-extraction retreat, 
model i ng ,  i nstrumentation,  roof support, bumps, 
rock mechan ics, active m ines,  overburden 
Location (s} : Colorado, Utah ,  Rocky Mou nta i n  
Coa l  Reg ion , Un ited States 
Haramy, K. Y. , J .  P. McDonne l l ,  L .  A. Beckett. 
Control of Coal M ine  Bursts . M in i ng  Eng ineeri ng ,  
Apri l  1 98 8 ,  p .  2 63-267 . 
Dangerous ly h igh  stress areas can be control led 
by proper mine  plan n i ng  and/or destress i ng .  Th is 
paper reviews practical methods to detect and 
destress h igh -stress zones a long coal  faces . The 
US BM i nvestigated stress-related bu rst problems 
and destressing  efforts at a cooperat ing m ine .  
Laboratory tests of  the  dri l l i ng  yield method for h igh  
stress detection were conducted to  determine  the  
correlation between the  volu me of  cuttings obta ined 
and  the magn itude of the appl ied stress . A th ree­
d imens iona l  computer model ing program was used 
to eva luate the effectiveness of stress rel ief 
methods .  
Keyword (s } :  bumps, coa l m in ing ,  m i n e  design ,  
geologic featu res, computer, model i ng ,  f in ite 
element, boundary element, lab test ing 
Location (s ) :  Rocky Mou nta in  Coal Reg ion , 
Un ited States 
Haramy, K. Y. , R .  0 .  Kneisley, B .  T. Brady. Ana lysis 
of Major Fa i lure Through I ntegration of Static and  
Dynamic Rock Mechan ics I nvestigation . I N :  
Proceedings 7th I nternationa l  Conference on 
Ground  Control in  Min ing,  August 3-5,  1 98 8 ,  S . S .  
Peng,  ed . ,  Morgantown, WV, p .  2 1 8-2 2 7 .  
This study reports t h e  u n ique  combination of 
both static and dynamic i nstru mentation for 
mon itorin g  a longwal l  pane l  in a deep western coa l 
mine and shows that the two methods used i n  
tandem provide i nformation to  u nderstand  the 
causes of a major bump .  
Keyword (s) :  coa l m in ing ,  i nstrumentation , 
mon itoring  methods, mon itori ng equ ipment, 
mon itoring  design ,  longwal l ,  bumps,  rock 
mechan ics, geologic featu res 
Location (s) : Colorado, Rocky Mou nta in  Coal 
Reg ion,  Un ited States 
Haramy, K. Y. ,  R .  0 .  Kneis ley .  Comparative Study 
of Western US Lon gwal l  Panel  Entry Systems.  I N :  
Rock Mechan ics a s  a G u ide for Efficient Uti l ization 
of Natu ral Resources, Proceedings 30th U . S .  
Sympos ium,  1 989 ,  A . W .  Khair ,  ed . ,  Balkema, 
Rotterdam, p. 1 25- 1 32 .  
This paper summarizes ground control studies 
of longwa l l  panel  entry systems i n  two coal m ines 
in the western Un ited States.  Comparisons a re 
presented of in s itu pressu re change measurements 
and assessments of cha in  p i l lar  and entry behavior 
under a wide range of cover .  Resu lts i ndicate that 
no one entry system design  is u n iversa l ly appl icable 
and that site-specific factors need to be cons idered 
for panel entry design .  Relationsh ips between 
overbu rden depth , face advance, and magn itude 
and location of the forward abutment a re d iscussed 
for western operations .  In addit ion ,  ana lysis 
ind icates that use of yield p i l lars may reduce or 
e l iminate some stress-related problems that p lague  
longwa l l  p�nel  entry design .  
Keyword (s) : longwa l l ,  m ine  design ,  coal m in i ng ,  
overburden , yie ld ing  supports, i nstrumentation ,  
geologic featu res, bumps 
Location (s) : Un ited States, Rocky Mounta in  
Coal Region 
Haramy, K.  Y. , R .  0. Kneisley . Yield P i l lars for 
Stress Control i n  Longwa l l  M ines--A Case Study. 
Internationa l  Journal  of M in ing and Geological  
Eng ineering ,  v .  8 ,  no. 4, December 1 990, p .  
287-304.  
Yield p i l lars fa i l  on isolation from the coal  seam 
and a l low general lowering  of the roof and  transfer 
of overbu rden load to adjacent panels . Cha in  p i l l a r  
1 53 
behavior i n  a m ine  in Utah with a h istory of bumps 
i n  both longwal l  and room-and-pi l lar  sections  is  
described . Cha in  p i l l a rs genera l ly y ie ld as designed 
but  a re i nfl uenced by very local ized conditions .  
Cha in  p i l l a rs effectively destress the  longwal l  
entr ies, improve stress control and recover, and  
reduce bump potentia l . Pre-longwa l l  experience 
i nd icates the presence of a pressu re arch h av ing a 
width that i ncreases with depth . 
Keyword {s ) : yie ld ing  su pports, p i l lar  strength , 
longwa l l ,  active mines,  bumps, ground control ,  
mine design ,  room-and-pi l lar ,  geologic features 
Location {s ) :  Utah ,  Rocky Mounta in Coal Region , 
Un ited States 
Haramy, K. Y . ,  W. C. Smith , R. 0 .  Kneisley. 
Automated G round  Control Mon itori ng .  I N :  
Proceedi ngs,  3rd Conference o n  Ground Control 
Problems i n  the I l l inois Coal Basi n ,  Mt.  Vernon , I L, 
August 8- 1 0, 1 990, Y. P .  Ch ugh ,  ed . ,  Southern 
I l l i no is U n iversity, Carbondale,  p. 227-235 .  
G round  fa i l u res induced by  an  accumu lation of 
stress near  the longwal l  face have necessitated 
development of a rel iable mon itori ng system 
capable of rap id ly and  effectively receiving ,  
process ing ,  and  transmitting  rock behavior 
i nformation . This a l lows for qu ick adjustments in 
m ine  p la n n in g  to prevent g round  fa i l u res.  The 
i ncl us ion of a remotely located, h igh-speed com­
puter  i n  the mon itoring  system increases the rate at 
wh ich data can be col lected, processed, and  
ana lyzed . The  objective of  the  i n it ial  phase of  the  
program was to  design an  effective automated data 
mon itori ng  system (ADMS) .  It  consists of a primary, 
commercia l ly ava i lable computer l i nked to an 
u ndergrou nd  array of pressu re sensors insta l led in 
and  a round  a work ing longwal l  panel . An experi­
mental system is presently operating i n  a coa l m ine  
i n  the western Un ited States . 
Keyword (s ) :  g round control, mon itoring  
methods, mon itori ng  equ ipment, mon itori ng design ,  
longwal l ,  m ine  design ,  computer, i nstru mentation , 
coal  m in i ng ,  m ine  safety, active mines 
Location (s) : Rocky Mounta in  Coal Reg ion ,  
Un ited States 
Ha rd ing ,  S. D. Barite Auth igenesis in  I l l i nois So i ls .  
M . S .  Thesis, Department of  Agronomy, Un iversity 
of I l l i nois at Urbana-Champaign ,  1 99 1 ,  1 1 8 p .  
Two s imi lar  a n d  adjacent soi ls i n  southern 
I l l i nois, one with abu ndant barite and one without, 
were chosen for th is study. The locations were 
chosen in conj u nction with a mine subsidence study 
over active longwal l  pane ls .  
Keyword (s) : soi ls, longwal l ,  active m ines,  
hydrology, agricu ltu re,  land mitigation 
Location (s) : I l l inois,  I l l inois Coal Basin ,  Un ited 
States 
Hardy, H. R . ,  R. M .  Belesky .  Potentia l  Appl ication 
of Seismic and Acoustic Em ission/Microseismic 
Tech n iques to the Mon itor ing of H ighway S ub­
sidence . Department of Mineral Eng ineering ,  
Pennsylvan ia State Un ivers ity, Un ivers ity Park, 
Ju ne, 1 98 6 .  ( NTIS PB86-232592/W N R) 
This report d iscusses the problem of h ighway 
subsidence and considers the possible appl ication of 
seismic and acoustic emission/microseismic tech­
n iques for mon itoring such  subsidence . A recent 
mon itoring study is referenced . Resu lts are con­
sidered to be d i rectly relevant to problems of karst­
or min ing- induced subsidence . 
Keyword {s ) :  roads, geologic features, coal 
m in ing ,  mon itoring methods, mon itoring  equ ipment, 
mon itori ng design ,  seismic,  uti l it ies, instru mentation 
Location (s) : Pennsylvan ia ,  Appalach ian Coal  
Region ,  Un ited States 
Hardy, H .  R . ,  J r . ,  L. A. Beck .  M icroseismic 
Mon itoring of a Longwal l  Coal M ine .  Volume I I -­
Determination of Seismic Velocity.  U . S .  Bureau of 
M ines OFR 30(2)-80, by Pen nsylvan ia  State 
Un iversity, October 3 1 ,  1 977,  232 p. { NTIS PB  
80- 1 63405) 
This is volu me 2 of a th ree-vo lume report 
dea l i ng  with the microseismic mon itori ng  of a 
longwal l  coal m ine .  The report describes the 
evaluation of a number of d ifferent f ie ld  tec h n iques 
and the seismic velocity data obta ined at a 
Pennsylvan ia mine s ite . Th ree d ifferent methods 
were employed to eva luate seismic  velocities : 
su rface refraction,  down hole, and transmission . I n  
a l l  cases, the seismic sou rces were e ither located 
on surface (mechan ical i mpact) or near-su rface 
(explosive charges ) .  It  was fou nd that a mechan ica l  
sou rce cou ld be conveniently ut i l i zed to determine 
sha l low velocities and make bedrock-regol ith 
interface depth determinations .  For deeper velocity 
determinations, su itable explosive charge sources 
were requ i red . In genera l ,  refraction data did not 
a lways plot in a l inear manner, and some subjective 
interpretation was necessary .  The downhole 
method was usefu l for  incremental vertical velocity 
eva luation;  however, the transmission method 
provided the most consistent average vert ical  
veloc ity data . 
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Keyword (s) : seismic, mon itoring methods, 
longwa l l ,  coa l m in ing ,  active mines, geophysica l ,  
overburden 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Region ,  Un ited States 
Hardy, H .  R . ,  J r . ,  B. A. Anan i ,  A. W. Kha i r .  
M icroseismic Mon itoring of  a Longwal l  Coa l M ine .  
Vol u me 1 1 1 -- Field Study of  M ine  S u bsidence, G rant 
G 0 1 440 1 3 , Pen nsylvan ia State Un iversity, U . S .  
Bureau of M ines OFR  30(3 )-80, October 3 1 ,  1 977 ,  
1 4 1 p .  { NTIS PB 8 0- 1 63 4 1 3 .  Also ava i lable in set 
of 3 reports : PC E 1 5 , NTIS PB  80- 1 6338 9 . )  
This i s  volu me 3 of a th ree-vo lume report 
dea l i ng  in genera l  with the microseismic mon itoring 
of  a longwal l  coa l m ine .  The research presented 
was u ndertaken as part of the overal l  m icroseismic 
project i n  an  effort to relate, if possible, observed 
m icroseismic activity with su rface subsidence. F ie ld 
measurements of su bsidence carried out at a 
central Pennsylvan ia  coal m ine  are described . 
Comparative ana lysis of actua l  field resu lts with 
data obta ined us ing empir ical and fin ite element 
techn iques was u ndertaken . Comparison of field 
resu lts with pu bl ished NCB data revealed marked 
d ifferences . The influence of stronger rock beds 
overlying  the coal seam in the current study was 
assu med to be the main  cause.  Use of the general 
G aussian profi le resu lted in  a satisfactory fit to the 
field data , provided the va lue  of the maximum field 
subsidence was u sed in  the ana lysis . I n  genera l ,  
when  low tensi le strengths were assumed for the 
associated rocks, f in ite e lement techn iques gave 
resu lts that compared wel l  with the field data . The 
study a lso ind icates that, at sha l low depths, there 
is a marked d ifference in su bsidence over d ip  and 
r ise s ides of the coa l  face, maximum subsidence 
sh ifts more towards the dip side . F ina l ly, t ime­
dependent formations were ins ign ificant shortly 
after m in ing  operations ceased . 
Keyword (s) : seismic, longwa l l ,  monitoring  
methods, coal m in ing ,  su rvey methods, fi n ite 
e lement, empir ical model,  Nationa l  Coal Board, 
overbu rden,  active m ines 
Location (s) : Pennsylvan ia ,  Appalachian Coal 
Region , Un ited States 
Hardy, H .  R . ,  J r . ,  G .  L .  Mowrey, E. J .  Kimble, J r .  
M icroseismic Mon itoring  of  a Longwal l  Coa l M ine .  
Volume 1 --M icroseismic Field Studies, Pen nsylvan ia 
State Un iversity, U . S .  Bureau of M ines O FR 
30(  1 ) -80, August 3 1 ,  1 978 ,  320 p .  (NTIS PB 
80- 1 63397)  
This is volu me 1 of a th ree-volu me report on 
the m icroseismic mon itoring  of longwal l  coal m ines .  
Volu me 1 deals mostly with the  deta i led aspects of 
the m icroseismic field study; however, brief 
references are made to other secondary stud ies 
described in volu mes 2 and 3 .  Du ring  the field 
study, a mobi le m icroseismic mon itoring  fac i l ity and  
associated transducers were employed to  detect 
and record microseismic activity above a longwal l  
panel  i n  Pen nsylvan i a .  The fu ndamental objectives 
of the study were ( 1 )  to eva luate the feasib i l ity of 
detecting  m icroseismic activity orig inat ing from 
longwal l  m in ing  operations us ing  an  approxim ately 
p lanar, near-surface, geophone array i nsta l led above 
the longwal l  and (2) to attempt to locate the 
sou rces of various  m icroseismic events . The 
i nvestigation proved that, us ing the tech n iques 
developed, it  is possible to detect m icroseismic 
events at depths of more than 400 feet and  at 
horizonta l  d istances i n  excess of 800 feet from the 
sou rce . The majority of the events h ad frequencies 
on the order of 1 0  to 1 00 Hz, and particle velocities 
of 50 to 300 m icro ips . When a su itable velocity 
model was used, most of the events located were 
computed to be with in  1 00 feet vertical ly of the 
coa l seam and 50 feet horizonta l ly of  the longwal l  
face. 
Keyword (s) : seismic, longwa l l ,  coal m in i ng ,  
mon itori ng methods, geophysical ,  overburden,  
active mines 
Location (s) : Pen nsylvan ia ,  Appa lach ian Coal 
Reg ion,  Un ited States 
Hardy, W .  Removing Pi l l a rs in Coal M ines .  M i n i n g  
World ,  v .  2 6 ,  March 9 ,  1 907, p .  334-3 3 5 .  
Th is paper discusses backfi l l i ng ,  removing  
pi l lars under surface water, and  management of 
water in mines .  
Keyword (s} : surface water, p i l lar  extraction ,  
backfi l l i ng ,  m ine  operation ,  coa l m in i ng  
Location (s) : Un ited States 
Hares, S . ,  J .  S i lar .  Appl ication of I sotope 
Techn iques and Well Logg ing in I nvestigating  
Ground Water I n fluenced by M in in g .  I N :  
Proceedings 1 st World Congress of Water i n  M in i ng  
and  Underground Work--S IAMOS, Septem ber 
1 8-22,  1 978,  G ranada,  Spa in ,  R. Fernandez-Ru bio, 
ed . ,  p .  1 99-206. 
Keyword (s) : hydrology, subsurface water 
Location (s) : Czechoslovakia 
Hargraves, A.  J . ,  ed. S u bsidence i n  M ines .  
Proceedings 4th Annua l  Sympos ium o n  Subsidence 
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i n  M ines,  Wol longong,  Austra l ia ,  February 20-22,  
1 973 ,  l l lawarra Branch ,  Austra lasian I n stitute of 
M i n i n g  & Meta l l u rgy, 1 1  O p .  
Topics cover prediction methods, mon itoring  
techn iques,  m ine  design ,  hydrolog ical effects, and 
structura l  problems as related to m ine  subsidence . 
Keyword (s) : vertical d isplacement, horizontal 
d isp lacement, su rface structu ra l  damage, 
subsurface structura l damage, surface water, 
subs u rface water, m ine  design ,  mon itoring design ,  
mon itorin g  i nsta l lation ,  su rvey methods, su rvey 
equ ipment, su rvey data processing ,  prediction 
theories, mon itoring  methods 
Location (s) : Austra l ia ,  Eng land,  Un ited States 
Harlow, E .  H . ,  P. Weaver .  Land  Subsidence 
Problems--Discussion . I N :  Proceedings,  ASCE 
Journal  Su rveying  and Mapping Division ,  v .  89, n o .  
S U3 ,  1 963,  p .  2 1 7-223 . 
_ Keyword (s) : f lu id extraction 
Location (s) : Un ited States 
Harper, D .  M ine  S ubsidence in  I nd iana . Department 
of Natu ra l Resou rces, Geologica l  Survey S pecial  
Report 27, Bloomington ,  I N, 1 982,  1 7  p .  
Th is  p u bl ication reviews past a n d  present 
m in i ng  practice and su bsidence problems in 
southwestern I nd i ana .  
Keyword (s) : coal m in i ng ,  abandoned m ines;  
active m ines,  room-and-pi l lar, h istorical 
Location (s) : I nd iana,  I l l ino is Coal Bas in ,  Un ited 
States 
H arris ,  A .  G .  Stab i l i zation and F i l l i ng  of Abandoned 
Deep Coal M ines i n  the Mahon ing Va l ley of Oh io .  
I N :  Proceedi ngs 88th Annua l  Meeting Oh io 
Academy of Science, Tiffion , Apri l  20-22,  1 97 9  
(abstract on ly) , O h i o  Journa l  Science, v .  79 ,  p .  2 6 .  
( NT IS  Accession No . 79-26227 }  
Keyword (s) : abandoned mines, coal m in ing ,  
backfi l l i ng ,  eng ineering ,  reclamation,  environ ment 
Location (s ) : O h io, Un ited States 
Harris, F. K. C. Town and  Country Plann ings .  
Col l iery G ua rd ian ,  v .  1 78,  January 27,  1 949, p .  
1 39- 1 43; v .  1 78,  February 1 0, 1 949, p .  1 78- 1 80.  
Keyword (s) : land-use p lan n ing ,  coal  m in ing  
Location (s) : Eng land  
Harrison , V . ,  G .  D .  Fyles.  Observations on a Three 
D imens iona l  Approach to Min ing  Subsidence. I N :  
Proceedings 23rd An n ual  Conference Eng ineering  
G roup  of  the G eological  Society, Eng ineering  
Geology of Underground Movements, Un iversity of 
Nottingham, September 1 3- 1 7 ,  1 987,  p .  273-2 8 5 .  
T h e  National  Coal Board S u bsidence Eng ineers 
Handbook, fi rst pub l ished in 1 965,  enables rapid 
subsidence prediction at a g iven s ite . Its wide­
spread acceptance has led to ground  movement 
being described by vertical lowering  and lateral 
stra in . Subsidence is not, however, merely a two� 
d imensional  phenomenon . The impl ications of 
ground movement in th ree d imensions are examined 
us ing the  subsidence model of  Burton ( 1 9 84) . 
Keyword (s) : pred iction,  pred iction theories, 
National  Coal Board, vertical d isplacement, 
horizontal d isplacement, model i ng ,  coa l m i n i n g  
Hart, P . A .  I nvestigations i nto t h e  Role of 
G roundwater in Promoting  Floor Heave in Coal M ine  
Gateroads .  IN :  G roundwater i n  Eng ineeri ng  G eology, 
Proceed ings 2 1 st An nua l  Conference of the 
Eng ineering  Group of the Geological Society, 
September 1 5- 1 9 , 1 985,  J . C .  Cripps, et a l . ,  eds . ,  
Un iversity. of Sheffie ld, The Geological  Society 
Eng ineering Geology Special Publ ication No .  3 ,  
1 986,  London , p .  1 1 5- 1 2 6 .  
The geological environment o f  two South Wales 
col l ier ies at which site i nvestigations were carried 
out is summarized . Th is is fol lowed by a review of 
identified geological parameters and their  effects on  
floor heave under the headings of  discont in u ities, 
m inera logy, and groundwater .  Methods of u nder­
grou nd  s ite investigation , laboratory testi ng ,  and  
data treatment are summarized . The  effect of  an  
increase of  groundwater content on mechan ica l  
parameter values was quantified for laboratory 
tested rock cores and i n  s itu i nterbedded strata 
sections .  The extent to wh ich groundwater affects 
floor heave was found  to be contro l led by the 
minera logica1 and structu ral nature of the floor 
strata . 
Keyword (s} : coal m in ing ,  floor stab i l i ty, lab 
testing ,  geolog ic features, subsurface water, 
hydrology, in  s itu testi ng ,  rock mech an ics, 
overburden 
Location (s) :  Wales, Un ited Kin gdom 
Hart, P .  A .  Appl ication of Lith ic and  Structu ral 
Geological Data to the Assessment of G round  
Stabi l ity Above Sha l low Abandoned Coal M ines .  I N :  
Plan n ing  and En gineering  Geology, Proceed ings 
22nd An nua l  Conference, Eng ineering  G roup  of  the 
Geological Society, Plymouth Polytechn ic, 
September 8- 1 2 ,  1 986,  M .G .  Cu lshaw, et a l . ,  eds . ,  
The Geological Society, London,  1 987 ,  p .  1 37- 1 49 .  
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Borehole log data gathered during  a su bsidence 
investigation i n  1 978- 1 9 7 9  were used to derive a 
classification  scheme for coal measure rocks . The 
resu lts of he ight of void migration above workings 
were compared to those a rising  from use of Piggot 
& Enyon 1s ( 1 97 7 )  geometrical co l lapse zone method 
and  Bien iawski 1 s  ( 1 980) Rock Mass Rating  scheme . 
It was concluded that the ana lys is helps to assess 
areas of greatest i nstabi l ity, wh ich thu s  a ids land­
u se p la nn i ng  and a lso the p lann i ng  of ground  
investigations,  ground  stabi l ization ,  and re­
development.  
Keyword (s) : coa l m in ing ,  geologic features, 
abandoned m ines, l and-use p lann i ng ,  su rface 
structural damage, room-and-p i l lar  
Location (s) : Wales,  Un ited Kingdom 
Hart, S. S. H istory and Evolution of M in ing  and 
M in i ng  Methods.  I N :  Proceedings Conference on 
Coa l Mine Subsidence i n  the Rocky Mountain 
Reg ion , Colorado S prings, October 28-30, 1 985 ,  
J . L. Hynes, ed ,  Colorado G eological Su rvey S pecia l  
Pub l ication 3 1 ,  Department of  Natural Resources, 
Denver, 1 986,  p. 25-3 7 .  
T h e  u n derground  coal m ines that are currently 
of concern to subsidence professionals in  Colorado 
were genera l ly mined between 1 860 and 1 960 . 
Garefu l study of dates of m in i ng ,  production 
records,  m ine  maps, and i n terviews with former 
m iners can a id i n  predicting  cu rrent mine cond itions .  
Keyword (s) : h istorica l ,  abandoned m ines, room­
and-p i l lar, coa l m in i ng  
Location (s) : Colorado, Rocky Mounta in  Coal 
Reg ion ,  Un ited States 
Hartman ,  H .  L . ,  ed . Proceed ings of the Fou rth 
Sympos ium on Rock Mechan ics, March 30, 3 1 ,  and 
Apr i l  1 ,  1 96 1 . Bu l letin 76  of  the Mineral I ndustries 
Experiment Station ,  November, 1 96 1 , Pen nsylvan ia 
State Un iversity, Un iversity Park . 
Keyword (s } :  rock mechan ics, model ing,  p i l l a r  
strength , g round  control 
Hartmann ,  I . , H . P .  G reenwald . Effect of Changes 
in Moistu re and  Temperatu re on Mine  Roof, F i rst 
Report on Strata Overlying  the Pittsburgh Coal 
Bed . U . S .  Bureau of Mines RI 3588,  October, 1 94 1 , 
40 p .  
The objectives of the work described i n  th is 
report were to determ ine the relative importance of 
h u mid ity and temperatu re changes on the 
expans ion and contraction of mine-roof rock 
samples; to determ ine  the stresses that might resu lt 
from such expans ions and contractions and to 
correlate th is i nformation with the physical  proper­
ties of the rocks; to determine  the expansion and  
d is in tegration of  rocks immersed i n  water; and  to 
study the effectiveness of pa ints and cement 
coatings i n  reduc ing absorption of moisture . 
Keyword (s) : coal m in ing ,  roof stabi l ity, m ine  
safety, lab testing ,  m ine  operation 
Location (s) : Appalach ian  Coal Reg ion ,  Un ited 
States 
Harza Engineering Co. Comprehens ive G round  
Control Study of  a Mechan ized Lon gwal l  O peration .  
F ina l  Report-Vo lume 1 ,  Contract H02300 1 2, U . S .  
Bu reau of Mines OFR  5 (  1 ) -77,  1 976,  1 5 1 p .  ( NTIS 
PB 262 475)  
Keyword (s) : longwal l ,  g round  contro l ,  coa l 
m in i ng  
Location (s} : Un ited States 
Harza Eng ineering  Co . Comprehensive G roun d  
Control Study o f  a Mechan ized Longwa l l  O peration . 
F ina l  Report-Volu me I I ,  Contract H02300 1 2 , U . S .  
Bureau of M ines O FR 5 (2) -77,  1 976,  270 p .  ( NTIS 
PB 262 476) 
Keyword (s ) :  longwal l ,  coa l m in i ng ,  groun d  
control 
Location (s ) :  Un ited States 
Hasenfus, G .  J . , K .  L .  Joh nson , D .W . H .  Su . A 
Hydrogeomechanical  Study of Overburden Aqu ifer 
Response to Longwal l  M in ing . I N :  Proceedin gs 7th 
I nternational  Conference on G round Control in 
M in ing ,  Morgantown , WV, August 3-5, 1 988 ,  S . S .  
Peng ,  ed . ,  West Virg in ia Un iversity, p .  1 49- 1 62 .  
Th i s  paper presents the  resu lts of  an extensive 
hydrological and geomechan ical mon itor ing progra m 
that was conducted at a longwa l l  coa l m ine  i n  West 
Vi rg in ia . The field program inc luded mon itori ng  of 
groundwater levels, overbu rden hydrau l ic con­
ductivity, overbu rden movement, and surface 
subsidence relative to the passage of the longwal l . 
Overburden geology and  rock stren gth char­
acteristics were eva luated prior to m in ing .  A 
postmin ing  corehole was dr i l led to eva luate ma in  
roof fractur ing .  An overbu rden response model is  
proposed based on the correlations between 
hydrological and geomechan ica l  data . 
Keyword (s ) :  overburden , hydrology, subsurface 
water, geologic featu res,  rock mechan ics, roof 
stabi l ity, model ing ,  longwa l l ,  coal m in i ng ,  surface 
subsidence damage, i nstrumentation ,  survey 
methods, vertical d isplacement, su rvey equ ipment, 
mon itoring  methods, mon itoring  equ ipment, 
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mon itori ng  i nsta l lation , mon itoring  design ,  seismic,  
geophysica l ,  f in ite e lement 
Location (s } :  West Virg in ia ,  Appalach ian  Coal 
Reg ion , Un ited States 
Hatheway, A. W. Eng ineering  Geology of 
S ubsidence at San  Man uel  M ine .  M in i ng  
Eng ineeri ng ,  1 964, v .  1 6; p .  9 2 .  
Keyword (s) : metal m in ing ,  eng ineering  
Location  (s } :  Arizona,  Un ited States 
Hatheway, A. W. Eng ineeri ng  Geology of 
Su bsidence at San Man uel M ine, Pina l  County, 
Arizon a .  M .S .  Thesis, 1 966,  Un iversity of Arizona ,  
Tucso n ,  1 1 0 p .  
Keyword (s ) :  meta l m in ing ,  eng ineering ,  geologic 
featu res 
Location (s) : Arizona ,  Un ited States 
H atheway, A. W .  S u bsidence at San Man uel 
Copper M ine,  Arizo n a .  I N :  Southern Arizona 
G u idebook 3,  G eological Society of America , 
Cord i l leran Section,  64th An nua l  Meeting,  1 968,  
Arizona G eological  Society,Tucson,  p .  1 1 3- 1 24.  
Keyword (s } : metal m in i ng  
Location (s) : Arizona,  Un ited States 
Hatheway, A. W. S u bsidence at San Man uel 
Copper M ine, Pina l  County, Arizona .  I N :  Eng ineeri ng  
G eology Case H istories, G .A . Kiersch , ed . ,  
G eologica l  Society of America, 1 968,  n o .  6 ,  p .  
65-8 1 . 
Keyword (s ) : metal m in i ng  
Location (s) : Arizona, Un ited States 
Hatheway, A. W. Subsidence at San. Man uel 
Copper Mine ,  Arizona .  Geological  Society of 
America S pecial  Paper 1 2 1 ,  1 969,  p .  5 1 1 .  
Keyword (s ) :  metal m in i ng  
Location (s) : Arizona, Un ited States 
H atton ,  T . ,  J .  E .  Turn ey .  Annotated Bibl iography of 
S u bsidence Stud ies Over Abandoned Coal M ines in 
Colorado .  Colorado Geological  Survey I nformation 
Series 22, Department of Natural Resou rces, 
Denver, CO, J u ne, 1 989,  1 23 p .  
Th is  b ib l iog raphy i s  a compi lation of data on 
coal  m ine  su bsidence studies a long the Front Range 
of Colorado . The i nformation conta ined with in  can 
be used to faci l itate fu rther study of undermined 
a reas subject to i ncreased development pressu re 
from Colorado ' s  g rowing  popu lation . Specific m ine  
investigation stud ies were obta ined from private 
consu ltants and  publ ic  sou rces . Many of these 
reports a re avai lable for review in  the offices of the 
Colorado Geologica l  Su rvey and  the Div is ion of 
Mined Land Reclamation . 
Keyword (s) : coa l m in i ng ,  abandoned m ines,  
l iterature search,  h istorical,  land-use pla n n ing ,  land 
mitigation,  reclamation, su rface structu ra l damage 
Location (s) : Colorado, Rocky Mounta in  Coal 
Region,  Un ited States 
Hawkins, A. B . ,  D. Toml inson . Plan n i ng  and  
Construction of  an I ndustria l  S ite on the Bristol 
Coalfield . I N :  Pla n n ing  and Eng ineeri ng  G eology, 
Proceed ings 22nd Annua l  Conference of the 
Eng ineering  Group of the Geological Society, 
Plymouth Polytech n ic, September 8- 1 2 , 1 986,  
M . G . Cu lshaw, et  a l . ,  eds . ,  The Geological  Society, 
London,  1 987 ,  p. 439-446 . 
This paper examines the progress of a la rge 
industrial/reta i l  development on the Bristol Coalfie ld,  
from the p lan n ing  stage th rough the site i nvesti­
gation to the construction phase . The p lann i ng  
h istory of  the  site, t he  local geology, and  the 
h istory of min ing  in  the a rea are reviewed . I n  
loca l ized areas, the grou nd  h a d  subsided b y  a s  
much a s  1 . 5 m .  
Keyword (s) : land-use plann ing ,  construction ,  
abandoned mines, coal m in i ng  
Location (s) : Un ited Kin gdom 
Hawkins,  A .  B.,  S. Morley, T .  S. Swainson,  D. M .  
Tyson . Don Val ley Stadi um,  Sheffie ld, UK .  I N :  
G round Movements and Structu res, Proceedi n gs 
4th I n ternationa l  Conference,  Un ivers ity of Wa les 
College of Cardiff, Ju ly 8- 1 1 ,  1 99 1 ,  J . D . G eddes, 
ed . ,  Pentech Press, London , 1 992 ,  p. 2 83-30 1 .  
Th is paper discusses the design  and  con­
struction of a new sports stad ium in  an  a rea where 
abandoned mines were present.  The investigations 
for and treatment of the o ld mine  worki n gs form 
the main emphasis of the paper. The g round  
problems were exacerbated by  the  presence of  the 
Ki rkbridge Dike across part of the s ite and  the lack 
of adequate records of past m in ing ,  particu la rly i n  a 
near-su rface h igh  qua l ity seam . Excavation of soft 
g round identified during  one of the r igorous for­
mation inspections located a series of tu n ne ls 
leading  from an adit that had not been apparent  
at  the t ime of  grouti ng .  
Keyword (s) : abandoned mines, coal m in i ng ,  
land-use plann ing ,  structu ral m itigation ,  backfi l l i ng ,  
grouting ,  eng ineering ,  construction ,  a rch itecture,  
fou ndations, land va lues 
Location (s) : Un ited Kingdom 
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Hay, W .  Damage to S u rface Bu i ld ings Caused by 
Underground  Workings .  Transactions,  I nstitute of 
M i n i n g  Eng ineers ,  London,  v .  36,  1 908,  p .  
427-436; v .  37 ,  1 909,  p .  354-355 ,  647-648 . 
Keyword (s ) :  su rface structu ra l damage 
Haycocks, C . ,  J. M. Townsend,  G. M. Neal l ,  L .  P. 
Johnson . Des ign O ptim ization i n  Underg round  Coal 
Systems :  Section 1 .  Structu ra l Pa rameters of Coal 
Measure Rocks . Section 2. Longwal l  M in ing  System 
Strata S imu lator .  Section 3 .  Des ign Criteria for 
Underground  Roof-Truss S upport Systems . I nter im 
Report, Apri l -June  1 97 7 .  Virg i n ia Polytechn ic 
I n stitute and State Un ivers ity, Blacksburg ,  DO E 
Contract/G rant EX-7 6-C-0 1 - 1 23 1  report, December, 
1 977,  52  p. ( NT IS  FE- 1 23 1 -9 )  
Research i n  a reas related to coal m in ing  i s  
described . Computer programs related to longwal l  
m in i ng  were developed and tested . Samp l i ng  and 
testi ng  of  coa l  specimens was performed, especia l ly 
with respect to the effects of size and shape (cyl in ­
der versus cube)  of  the specimens on the measured 
properties . Load ing  rate was found to be of s ign ifi­
cance .  The l iteratu re of supports in  underg rou nd  
m in i ng  was reviewed, especia l ly with respect to 
roof bolts and  roof trusses . 
Keyword (s) : coal  m in i ng ,  active mines,  rock 
mechan ics, longwal l ,  computer, model i ng ,  roof 
bolting ,  roof support, room-and-p i l lar,  i n  s itu testing  
Location (s) : Alabama, Un ited States 
Haycocks, C . ,  C. D. Breeds .  Design Optimization 
i n  Undergrou nd Coal Systems .  I nterim Report, 
Jan uary--March , 1 97 8 .  Report on U . S .  DOE 
Contract/Grant EX-76-C-O 1 - 1 23 1 ,  Virg i n ia 
Polytechn ic  I nstitute and State Univers ity, 
Blacksburg ,  June ,  1 97 8 ,  58 p .  (NTIS FE- 1 23 1 - 1 2 } 
Research i n  the p lan n i ng  and s imu lation of 
longwal l  m in i ng  is reported . The mecha n ica l  
properties of coa l were stud ied with respect to the 
s ize and shape of the specimen and the load ing  
rate . F ina l ly, the  potentia l  of  roof trusses as roof 
supports was stu died with respect to design and  
properties by  the  use of  photoelastic models, com­
puter  calcu lation ,  and field experience with trusses 
i nstru mented with stra in  gages . 
Keyword (s) : coal  m in i ng ,  active m ines, 
longwal l ,  model ing ,  rock mechan ics, roof support, 
computer, i nstru mentation ,  mon itoring equ ipment, 
i n  situ test ing 
Location (s ) :  Un ited States 
Haycocks, C . ,  C .  D .  Breeds . Des ign Optimization i n  
Underground  Coa l Systems . I nter im Report, 
October--December 1 97 7 .  Vi rg in i a  Polytechn ic  
I nstitute and State Un ivers ity, Blacksburg ,  DO E 
Contract/G rant EX-76-C-0 1 - 1 23 1  report, March ,  
1 978 ,  54 p .  ( NTIS FE- 1 23 1 - 1 1 )  
Resu lts of measu rements of the mechan ica l  
properties of coal  samples are summarized . Some 
dependence of measured stren gth. on the load ing  
rate was foun d .  I nformation and  computer pro­
grams were developed for longwal l  m in i ng  
s imu lation and economic ana lysis .  Roof truss type 
supports were stud ied further by theory, photo­
elastic models, and experimental and  field data . 
Keyword (s) : coal m in i ng ,  active mines, 
longwal l ,  computer, roof support, model i ng ,  rock 
mechan ics, economics 
Location (s ) :  Un ited States 
Haycocks, C. Design Optimization in Underground  
Coal Systems .  Sections 1 --4. I n terim Report, 
January--March 1 97 9 .  Vi rg in i a  Polytech n ic  I n stitute 
and State Un ivers ity, Blacksburg ,  DOE 
Contract/G rant EX-76-C-0 1 - 1 23 1  report, J u ne 
1 979 ,  66 p .  ( NTIS FE- 1 23 1 - 1 6 )  
This report describes work on  a longwal l  
s imu lator with a deta i led examination of  the 
potentia l  for  uti l i z ing a roof characterization factor 
in the estimation of roof stabi l ity . The benefits of 
this approach are a much more rea l istic eva luation 
of roof cond it ions and, therefore, a more accu rate 
prediction of strata responses during  u n derground  
m in ing . The  report inc ludes the  theory, modeli ng  
method, experimental and field data , and  data 
ana lysis and  correlation;  it also i ncludes 
development and maintenance of computer 
programs used in the work . 
Keyword (s ) :  longwal l ,  active m ines,  coal 
m in ing ,  mathematica l model,  model i ng ,  computer, 
roof stabi l ity, rock mechan ics 
Location (s) : Un ited States 
Haycocks, C . ,  M .  Karmis, E. Topuz .  Optim iz ing  
Productive Potentia l  i n  Mu lti-Seam Underg round  
Coal M in i ng .  IN :  Coal Conference & Expo V I ,  
McGraw-Hi l l , 1 98 1 . 
Keyword(s ) :  mu ltip le-seam extraction ,  coa l 
min ing 
Haycocks, C . ,  M.  Karmis, B .  Ehgartner .  M u lt ip le 
Seam Mine Design . I N :  State-of-the-Art of G rou nd  
Control in  Longwa l l  M in i ng  and M in ing  S u bsidence, 
Y. P .  Chugh and M. Karm is, eds . ,  1 982 , ,  S M E­
A IME, p .  59-65 . 
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Considerable va luable experience in mu lti-seam 
m in ing  comes from British m in ing  operations where 
i n teraction problems are common and the longwal l  
is  the primary method used . Lim itations persist i n  
the app l ication of  much of  th i s  i nformation to  con­
d it ions i n  the Un ited States because of variation in  
layouts between advancing  and retreating longwal l  
systems and the i nherent differences in  the geologic 
envi ron ment .  F ie ld data are ava i lable for room-and­
p i l l a r  operations i n  the Un ited States and,  where 
successfu l p i l l a ri ng  operations have been carried 
out, close paral le ls may be drawn with grou nd  
control mechan isms i n  longwa l l  operations . 
Keyword (s) : mu ltip le-seam extraction , lon gwa l l ,  
g rou nd  contro l ,  m ine  design 
Location (s) :  Un ited States, . Un ited Kingdom 
Haycocks, C . ,  M. Karmis,  E.  Barko, J. Chama n ,  S .  
Hudock, B .  Ehgartner, S .  Webster.  G round Control 
Mechan ics in M u ltip le-Seam Min i ng .  U . S .  Bureau of 
M i n es O F R  7-84, 1 984 .  
Keyword (s ) :  g round  control, mu ltip le-seam 
extraction 
Location (s ) :  Un ited States 
Haycocks, C . ,  W. Wu,  Y. Zhou . I ntegrated Design 
for Stab i l ity i n  Mu ltiple-Seam Min i ng .  I N :  Eastern 
Coal M ine  Geomechan ics, Proceed ings,  Bu reau of 
M ines Technology Transfer Seminar, Pittsburgh ,  
PA, November 1 9 , 1 986,  U . S .  Bu reau of  M ines I C  
9 1 37 ,  p .  44-56 .  
Research i nto g round  control problems resu lt ing 
from m i n i n g  i n  a mu ltip le-seam environ ment has 
been carried out us ing  statistical ana lysis, n umerical 
model i ng ,  and body-loaded mu lti layer photoelastic 
ana lysis i n  conj u n ction with n umerous case studies .  
F ind ings demonstrate situations under wh ich th e 
worst g rou nd  control cond it ions can be expected to 
occu r  for a specified geologic environ ment, depth,  
i n nerburden spacing ,  and min ing  geometry . Special  
emphasis has been placed on the effect of upper 
p i l l a r  load transfer on the lower seam in terms of 
p i l l a r  and  floor stabi l ity and roof control . 
Keyword (s ) : geologic featu res, ground control ,  
mu ltip le-seam extraction ,  model ing,  m ine  design ,  
computer, f in ite element, pred iction 
Location (s ) :  Appalach ian Coal Region,  Un ited 
States 
Haycocks, C . ,  Y. Zhou . Mu ltiple-Seam Min ing--A 
State-of-the-Art Review. I N :  Proceedings 9th 
I nternationa l  Conference on Ground Control i n  
M in i ng ,  J u n e  4-6, 1 990, S .S .  Peng ,  ed . ,  West 
Virg i n i a  Un ivers ity, Morgantown , p. 1 - 1 1 .  
The relevant l iteratu re concern ing  g round 
control ,  m ine plann ing ,  and  reserve conservation i n  
mu lti-seam min ing  is reviewed . Factors affectin g  
i nteraction ,  interaction mechan isms, a n d  design 
gu idel ines are presented in deta i l .  The impact of 
mu lti-seam min ing  on futu re m in ing ,  measu res for 
amel iorating negative interaction effects, and future 
research needs are also d iscussed : 
Keyword (s) : m u ltiple-seam extraction ,  g rou n d  
control,  longwal l ,  room-and-pi l lar, coa l m i n i n g ,  t ime 
factor, p i l lar  strength , overbu rden , geologic featu res 
Haycocks, C . ,  M. Karmis .  S u bsidence Effects i n  
Mu ltiple Seam Min i ng .  IN :  Proceedings Th i rd 
Workshop on Surface Su bsidence Due to 
Underground Min ing ,  June  1 -4, 1 992 ,  S . S .  Peng ,  
ed . ,  Morgantown , WV, p .  94-99 .  
Subsidence induced i n nerbu rden sheari n g  and  
stress fields, whether active or passive, frequ ently 
contribute to sign ificant grou nd  control fa i l u res i n  
overlyi ng seams.  I n  th is paper, proven m u lti-seam 
tech nology is used on u pper seams to forecast and  
quantify the  magn itude and severity of  damage and  
the  increased m in ing  r isk due to  i nteraction . 
I ncreased upper seam ground control problems a re 
demonstrated us ing hazard mapping,  which 
provides a v iab le techn ique for ut i l iz i ng  damage 
pred ictions in  design .  
Keyword (s) : mu ltiple-seam extraction ,  
overburden , pred iction , g round contro l ,  active 
m ines, abandoned mines, mine design ,  geologic 
featu res 
Location (s) : Un ited States 
Hayes, G .  R . ,  J r .  Stresses I m posed on a Pipel i ne  by 
Longwa l l  M in i ng .  I N :  American Gas Association , 
Operati ng Section Proceed ings,  No .  80-T-65,  1 980, 
p .  T-309--T323 . 
This paper discusses the resu lts of a testin g  
program being  conducted b y  Columbia G as 
Transmission Corporation to determ ine  the effects 
and behavior of its LI NE  20 p ipel i ne  whi le u nder the 
inf luence of ground subsidence caused by longwa l l  
m in ing . LI NE  20 is a continuous ly welded 1 2-3/4 11 
O . D .  x 0 .250 11 wal l  steel p ipel ine,  with a S pecified 
M in imum Yield Strength of 42 ,000 PS I .  Maxi m u m  
Allowable Operating Pressu re is 6 1 7 PS I G .  The 
total longwa l l  min ing operation consists of seven 
panels, fou r  of which a re di rectly beneath the 
pipel ine .  Each panel  to be longwal l  m ined is 
approximately 650 feet wide and approximately 
5 ,000 feet long . The coa l seam varies in th ickness 
from 64 to 68 inches, with a horizontal s lope of 
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essentia l ly O degrees . The depth of the coal varies 
from 800 to 1 ,000 feet from the surface . 
Keyword (s) : coal m in i ng ,  p ipe l ines, longwal l ,  
ut i l it ies, mon itor ing methods, mon itoring  equ ipment, 
vertica l  d isplacement, horizontal d isp lacement, 
su rvey data process ing 
Location (s) : Un ited States 
Hazen,  G .  A. Practica l Pi l l a r  Des ign Problem 
Encountered Under Deep Cover and with Different 
Block Geometric P i l la r .  U . S .  Bu reau of Mines O F R  
7 5 - 7 7 ,  G rant  No .  G0 1 44 1 39 ,  1 975 .  ( NTIS 
PB-266705 ) 
Keyword (s) : p i l l a r  strength 
Location (s ) : Un ited States 
Hazen,  G .  A . ,  S .  M .  Sarga n d .  The Effect of 
Longwal l  M in i ng  on S u rface Su bsidence of 
H ighways and  Bridges . F ina l  report to Oh io 
Department of Transportation by Oh io Un iversity, 
Athens,  Col lege of Eng ineering  and Technology, 
Civi l Eng ineeri ng ,  November, 1 985 ,  1 42 p .  
Fo r  th i s  study su bsidence profi les over th ree 
longwal l  panels m ined beneath state h ighways i n  
southeastern O h io were measu red . The  average 
maxi m u m  subsidence was 3 .5  feet . The average 
maxi m u m  compressive stra in  recorded was 0 . 008 
in ./i n .  Th ree predictive methods for the determina­
t ion of d isplacements and  stra ins  were compared : 
the Nationa l  Coa l Board g raph ical method, the 
profi le method with empirical  constants determ ined 
for southeastern Oh io,  and  a fi n ite element 
progra m .  Excel lent su bsidence agreement was 
fou nd  with the profi le method, and reasonable 
stra i n  agreement was determ ined with the fin ite 
e lement model . 
Keyword (s) : rock mechan ics, longwal l ,  coa l 
m in i ng ,  roads, su rface structu ral damage, 
prediction ,  prediction theories, Nationa l  Coal Board, 
profi le fu nction ,  fin ite element 
Location (s) : Oh io, Un ited States 
Hazen , G .  A . ,  S .  M .  Sarga n d .  The Effect of 
Longwal l  M in i ng  on S u rface S u bsidence of 
H ighways and  Bridges . S M E-AI M E  Prepri nt  87- 1 0, 
for presentation at the S M E  An n ual  Meeting ,  
Denver, CO, February 24-27,  1 987 ,  6 p .  
Predictions of  structu ral damage from h igh ­
extraction m in i ng  a re dependent on the magn itude 
of the expected horizonta l  stra ins .  Th ree methods 
for predicti ng  su bsidence characteristics are 
considered i n  th is paper:  the graph ical method, the 
profi le method, and the f in ite element method .  
Keyword (s } :  roads, prediction theories, 
empirical  model, fi n ite e lement, profi le  function ,  
geologic featu res, rock mechan ics, computer, coal 
m in ing 
Location (s} : O h io ,  Un ited States 
Hazen , G .  A . ,  S. M .  Sargan d .  Methods for 
Assessing  Effects of Longwal l  M in ing  on S u rface 
Subsidence . M in ing  Eng ineering ,  Ju ne, 1 988 ,  p .  
45 1 -454.  
This study mon itored longwal l  m in i ng  
su bsidence profi les over th ree panels m ined beneath 
state h ighways in southeastern Oh io .  The average 
maximum subsidence was 1 .07 m (3 . 5  feet } .  The 
average maximu m compressive stra in recorded was 
0 .008 mm/m m .  Th ree predictive methods for the 
determination of d isplacements and stra ins were 
compared : the Nationa l  Coal Board (NCB) g raph ical  
method, the profi le method with empi rica l  
constants determined for south eastern Oh io,  and a 
fin ite element excavation program .  Excel lent 
su bsidence agreement was fou nd with the profi le 
method, and reasonable stra in agreement was 
determined with the f in ite e lement progra m .  
Keyword (s} : longwal l ,  f in ite element, Nationa l  
Coa l  Board, model ing ,  coa l m in ing ,  prediction ,  
surface structural  damage, geolog ic features, 
overbu rden,  lab testing ,  in situ testing ,  rock 
mechan ics, geotechn ica l ,  elastic model ,  
phenomenological model ,  profi le function , empir ical  
model,  roads 
Location (s) : Oh io, Un ited States 
Haz ine,  H .  I .  A Study of the Surface Stra ins  
Produced by Min ing  S u bsidence . Master ' s  Thesis, 
Un iversity of Nottingham,  U . K . ,  1 97 7 .  
Keyword {s) : surface subsidence damage, 
su rvey data processing,  horizonta l  d isplacement 
Location (s } :  United Kin gdom 
He, G . ,  T .  H.  Wi lson . Changes in the Seismic 
Properties of the Cover Produced by · Longwa l l  
Min ing . I N :  Rock Mechan ics as a G u ide to Eff ic ient 
Uti l ization of Natu ral Resources, Proceedings 30th 
U .S .  Symposiu m ,  1 989 ,  A .W.  Khair ,  ed . ,  Ba lkema,  
Rotterdam,  p .  327-334. 
Common offset seismic data co l lected over two 
active longwal l  panels at d ifferent stages of m in i ng  
revea l that sign ificant arrival t ime  delays a re 
produced in reflections from different levels with in  
the mine cover .  Min ing- induced a rrival time delays 
are also observed beyond the edges of the mine  
over u n mined areas .  Reflection a rrival t ime delays 
increase with reflector depth and are latera l ly 
variab le .  The a rrival t ime delays a re produ ced by 
reductions of seismic velocity with in  the over­
bu rden . Reflection arrival t ime delays from a major 
strong  u n it located neutra l ly with in the cover a re 
proport iona l  to subsidence; h owever, delays in  
other events a re not .  
Keyword (s) : longwa l l ,  active mines, overburden,  
coal  mih ing,  seismic, model i ng ,  geophysical 
Location (s } :  Un ited States , Appalach ian Coal 
Region 
He,  G . ,  T .  H. Wi lson . Longwal l  Mine Su bsidence 
and its Effect on Seismic Properties of the 
Overbu rden . I N :  Society Exploration Geophysics 
5 9th I nternationa l  Meeting  and Exposition , October 
29-November 2, 1 989 ,  Dal las, Extended Abstracts, 
p. 3 68-37 1 .  
Common offset seismic data col lected over an  
active longwa l l  panel  at d ifferent stages of  m in i ng  
reveal  that s ign ificant arriva l t ime delays occur  for 
reflections from different interva ls with i n  the over­
bu rden . S u bsidence correlates best with arrival t ime 
delays observed for a reflection from a thick sand­
stone located neutra l ly with in  the overbu rden . 
M in i ng- induced a rrival time delays are a lso observed 
beyond the edges of the panel over un mined a reas . 
· These de lays are produced by m in ing  induced 
reductions of seismic velocity with in the over­
bu rden . 
Keyword (s} :  longwa l l ,  seismic, overbu rden , coa l 
m in i ng ,  geophysica l ,  mon itori ng methods 
Location (s) : Appa lach ian Coa l Reg ion, Un ited 
States 
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He-yuan,  S .  Mechan ism of Land Subsidence and 
Deformation of So i l  Layers in Shangha i . I N :  Land 
S u bsidence,  Proceedings 3rd I nternational  
Symposiu m,  Ven ice, I ta ly,  March 1 9-25,  1 984, A. I .  
Johnson , L .  Carbogn in ,  and L .  Uberti n i ,  eds . ,  
I nternationa l  Association Hydrological Sciences 
Pub l ication No .  1 5 1 ,  1 986,  p. 425-433 . 
Th is paper, based on an ana lytical stu dy of 
data col lected from in situ observations and 
laboratory experiments, endeavours to expound 
the mechan ism of  l and su bsidence and the ru le  of 
deformation of the soi l  l ayers in Shangha i . Particu lar  
mention is  made of a c lose ana lysis of  the u n it 
deformation , wh ich reveals that the va lues of 
deformation of the soi l  layers can be read i ly 
eva l uated by normal iz ing the observed deformation 
of d ifferent soil strata accord ing to the range of 
variation of the groundwater table and that the 
characteristics of the res idua l  deformation of 
various soi l  strata can be observed i n  terms of the 
ratio between rebound  and compression . 
Keyword (s} : soi ls, fl u id extraction 
Location (s} : Ch ina  
Healy, P .  R . ,  J .  M .  Head . Construction  Over 
Abandoned Mine Workings .  Construction I ndustry 
Research and I nformation Association Specia l  
Publ ication 32/Property Services Agency Civi l  
Eng ineeri ng Techn ical G u ide 34, London,  1 984, 
94 p .  
This is  a gu ide for eng ineers p lan n i ng  the 
development of undermined s ites . It describes 
British m in i ng  methods of the past and present, as 
well as giving  tech n iques for consol idation of old 
m ine  workings and fou ndation design option s .  
Keyword (s} : construction ,  fou ndations,  
abandoned mines, eng ineering ,  su rface structu ra l 
damage, geotech n ical ,  longwal l ,  room-and-p i l la r, 
National  Coal Board, backfi l l i ng ,  g routi ng ,  h i storical 
Location (s} : Eng land,  Scotland,  Wales 
Heasley, K.  A . ,  L. W. Saperstein . Practical 
Subsidence Prediction for the Operati ng  Coal M ine .  
IN :  Proceed ings 2nd Workshop on S u rface 
Subsidence Due to Undergrou nd  M in i ng ,  
Morgantown , WV, J u ne 9- 1 1 ,  1 986,  S .S .  Peng ,  
ed . ,  West Virg in ia  Un iversity, p .  54-67 . 
The pu rpose of this paper is to present and  
demonstrate a subsidence-predictive method 
(S PAS I D} that can be function a l ly used by the 
practic ing min ing eng ineer .  Such a method wi l l  
hopefu l ly give the coa l  operator and m in i ng  
eng ineer additional  flexibi l ity necessary to  protect 
the surface from subsidence damage.  
Keyword (s} : prediction ,  coa l  m in i ng ,  mine 
des ign ,  prediction theories, empir ical  model ,  
infl uence function 
Location (s} : I l l i nois Coal Basin ,  Appalach ian  
Coal Reg ion , Un ited States 
Heasley, K. A . ,  L .  W .  Saperste in . Computer 
Model ing of the S u rface Effects of S u bsidence 
Control Methods. I N :  Research & Eng ineeri ng  
Appl ications i n  Rock Masses, Proceedings 2 6th 
U . S .  Symposiu m  on Rock Mechan ics, South Dakota 
School of Mines & Technology, Rapid City, J u n e  
26-28,  1 985,  E .  Ashworth , ed . ,  Ba lkema,  
Rotterdam,  p .  1 89- 1 96 .  
Th i s  paper deta i ls the development and  
appl ication of  a system for model ing the effects of 
subsidence control methods on su rface subs idence 
over longwal l  coal panels . The term "su bsidence 
control methods11 as used in this paper shou ld  be 
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u nderstood to cover coa l p i l lars,  packwa l ls or any 
backfi l l s  u sed to support the m ine  roof and  to l im it 
the effects of su rface subsdience . The work began 
by choos ing an appropriate su bsidence predictive 
method on which to superimpose the effects of 
different control schemes . 
Keyword (s} : model i ng ,  empirical model, 
prediction ,  computer, longwal l ,  i nfl uence fu nction ,  
fin ite element, backfi l l i ng ,  g roun d  control 
Location (s} : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Heasley, K. A . ,  L. W. Saperste in . An I nvestigation 
I n to the Use of Backfi l l  Zones and Yie ld ing P i l lars 
for S u bsidence Contro l .  I N :  Mine Subsidence, 
Society of M in i ng  Eng ineers Fal l  Meeting ,  
Septem ber, 1 986,  M . M .  S ingh , ed . ,  St .  Lou is ,  MO,  
S M E, Littleton ,  CO,  p .  1 9-27 .  
This paper i nvestigates the Lise of backfi l l  zones 
and  yield i ng  p i l la rs for su bsidence control .  The 
investigation beg ins  by choosing an  appropriate 
s ubsidence p redictive techn ique  to s imu late the 
proposed subsidence-control schemes . Two case 
studies a re performed in  order to del ineate the 
accuracy and  uti l ity of the chosen predictive 
tech n ique .  The resu lts of these case stud ies a re 
then used to establ ish appropriate sets of reg iona l  
s ite para meters . Next, a deta i led ana lysis of  the 
major var iables affecting  the outcome of the 
subsidence-control s imu lations is  conducted and 
g raph ical  d isplays of the exact sensitivity of the 
su rface subsidence to these variables are g iven . 
Keyword (s } :  backfi l l i ng ,  yield ing  supports, coal 
m i n ing ,  computer, prediction , prediction theories 
Location (s} :  I l l i nois,  I l l i nois Coal Basin ,  
Appa lach ian Coal Reg ion , Un ited States 
Heasley, K. A . ,  L. W .  Saperstein . Recent I n sight 
into Lon gwal l  Strata Movements Deduced from 
S u bsidence Ana lys is .  M in i ng  Eng ineering ,  v .  39 ,  no .  
7 ,  September 1 987,  p .  872-876; also S M E  Fal l  
M eetin g  preprin t  86-33 1 ,  1 986 .  
A n u mber of  n ovel hypotheses are developed 
that provide a fresh perspective on the charac­
terization of strata movements associated with 
longwa l l  m in ing . S u bsidence measu rements a re 
ana lyzed with an  i nf luence-fu nction -based computer  
program . Us i ng  an inverse appl ication of  the 
traditiona l  i nfluence-fu nction tech n ique,  easi ly ob­
ta ined surface d isplacements are used to ana lyze 
some of the compl icated, expensive, and d ifficu lt­
to-measu re movements of the i ntermediate roof 
strata i n  a longwal l  panel . 
Keyword (s) : coal m in ing ,  roof stab i l ity, 
longwal l ,  influence function ,  empir ical model ,  
computer, vertical d isplacement 
Location (s) : I l l i nois Coal Bas in ,  Appalach ian  
Coa l Region , Un ited States 
Heasley, K. A . ,  K. Barron . A Case Study of Gate 
Pi l lar Response to Longwal l  M in ing  in Bump-Prone  
Strata . IN :  Proceedings Longwal l  USA Conference, 
1 988 ,  Pittsburgh ,  PA, p.  9 1 - 1 05 .  
Keyword (s) : p i l lar  strength , bumps, longwal l  
Heathcote, F .  W .  L.  Movement of Articu lated 
Bu i ld ings on Subsidence S ites . I N :  Proceedi ngs 
I nstitute of Civi l  Eng ineers, v .  30, February, 1 965,  
p .  347-36 8 .  
Keyword (s) : surface structu ral damage,  
arch itecture, structura l mit igation 
Hed ley, D .G . F .  An Eva luation of Roof Stab i l ity at a 
Canadian Salt Mine .  I N :  F ifth I nternationa l  Strata 
Control Conference,  London,  no .  30,  1 97 2 ,  6 p .  
Keyword (s) : roof stabi l ity, non-meta l m in i ng ,  
ground control 
Location (s) : Canada 
Hel lewel l ,  E .  G .  The I nfluence of Fau lt ing on G round 
Movement Due to  Coa l  M in i ng :  The U K  and 
European Experience.  The M in i ng  Eng ineer,  
January, 1 988 ,  v .  3 1 6, p .  334-3 3 7 .  
Keyword (s) :  geologic features, coa l m in i ng  
Location (s} : Un ited Kingdom, Eu rope 
Helm,  D .  C. Field-Based Computationa l  Techn iques 
for Pred icting  Subsidence Due to F lu id  Withdrawa l .  
I N :  Man- Induced Land Subsidence,  Reviews in  
Eng ineering Geology V I ,  The G eological  Society of 
America, 1 984, T . L.  Holzer, ed . ,  p .  1 -2 2 .  
Choice of a predictive techn ique  for land sub­
sidence is based on the ava i lab i l ity of appropriate 
field data . If on ly the depth and th ickness of com­
press ible beds can be estimated, a s imple hand 
calcu lation i s  ava i lable as a predictive techn ique  
and for  many purposes is adequate .  
Keyword (s} : f lu id extraction , prediction,  
model ing  
Location (s) : Cal iforn ia ,  Texas, Un ited States, 
New Zealand 
Helmhacker, R .  Land Subsidence at Brux, Bohemia . 
Transactions I nstitute of M in ing  Eng ineers, London , 
V . 1 0, 1 895-96,  p .  583 . 
Keyword (s) : su rface su bsidence damage 
Location (s ) :  Europe 
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Hen ry, F .  D .  C .  Structu res Liable to the Effects of 
M in ing  S u bsidence . I N :  The Design and Con­
struction of Eng ineering  Foundations,  McGraw­
H i l l ,  1 956,  Chapter 9, p .  392-4 1 2 .  
The chapter d iscusses the mechan ics of m ine  
subsidence,  effects of  su bsidence on structu res, as  
we l l  as subsidence due to  m in ing  of  mater ia l  other 
than coa l ,  and construction considerations to offset 
the effects of su bsidence . 
Keyword (s) : su rface structura l damage, 
eng ineeri ng ,  foundations, coa l m in ing ,  metal m in ing ,  
n on-meta l m in i ng ,  vertica l d isplacement, horizonta l  
d isp lacement 
Henry, J.  J.  The G eological  I n put Into Land-Use 
P lann ing  in  Loth ian Reg ion ,  Scotland . I N :  P lann ing  
and Eng ineer ing Geology, Proceedings 22nd Ann ua l  
Conference, Eng ineering  G roup of  the Geological 
Society, Plymouth Polytech n ic ,  September 8- 1 2 , 
1 986 ,  M . G .  Cu lshaw, et a l . ,  eds . ,  The Geolog ica l 
Society, London,  1 987 ,  p .  583-5 8 7 .  
The paper describes t h e  geological input into 
the land-use p lann ing  system at both strategic and 
loca l  levels in  relation to the stabi l ity of land and 
m inera ls requ i red by the extractive industries . 
Keyword (s) : land-use p lann ing ,  geologic 
featu res, coa l m in i ng ,  abandoned mines, 
government, law 
Location (s ) : Scotland,  Un ited Kingdom 
Henshaw, H . ,  D.  W. Ph i l l ips .  Underground and 
S u rface Strata Movements . Transactions I nstitute 
M in i ng  S urveyors, 1 942, v. 22 ,  no .  2 .  
Keyword (s) : surface su bsidence damage, 
subsurface subsidence damage, overbu rden 
Herbert, C. A., J. J. Rutledge .  Subsidence Due to 
Coal  M in i ng  i n  I l l i no is .  U . S .  Bu reau of Mines Bu l letin 
238 ,  1 927 ,  59 p .  
I n  1 9 1 6, t he  USBM,  I l l i nois Geological Survey, 
and Un ivers ity of I l l i nois, working under a coopera­
tive agreement, began an investigation of the 
su bsidence of the surface above coa l-m in ing  
operation s .  Four  widely separated p laces where 
m in ing  was in progress were selected as obser­
vations station s :  one in the northern I l l ino is longwa l l  
coa l  field ,  one i n  the central I l l i nois coa l  field where 
the room-and-pi l lar  panel system of min ing  was 
being used , and two in  the thick coa l of southern 
I l l inois where the room-and-pi l lar  panel  system of 
m in i ng  was employed . These fou r  points of m in ing  
activity gave a rather wide opportun ity for observ­
i ng  subs idence when d ifferent m in ing  methods were 
used . 
Keyword (s ) :  horizontal d isplacement, g round  
control ,  descriptive theories, backfi l l i ng ,  room-and­
pi l lar ,  coa l  m in ing ,  h istor ical ,  subsiden ce researc h ,  
surface structu ral damage, geologic featu res 
Location (s) : I l l i nois,  I l l inois Coal Basin ,  Un ited 
States 
Herd, W. The Suggested Appl ication of Hydrau l ic 
Stowing to Undersea Coal Workings,  with S pecia l  
Reference to the Sydney Coalfield . Canadian 
I nstitute of M in ing and Meta l l u rgy, Bu l let in No.  1 03 ,  
November, 1 920, p .  835-845 . 
Although at the time ( 1 920) the hydrau l ic 
stowing of mines to min imize su bsidence was used 
successfu l ly in  Europe, South Africa,  and Austra l i a ,  
the Eng l ish -speaking  countries were s low to adopt 
this method . 
Keyword (s) : hydrau l ic backfi l l i ng ,  stowing ,  
ang le  of draw, h istorica l ,  surface water, coa l  m in i ng  
Location (s) : Poland,  Eu rope, Austra l i a ,  Un ited 
States 
Herring ,  J .  R . ,  S .  B. Roberts, R .  G .  Hobbs . 
Characterization of Extent of M in ing ,  M ine  F i re,  and 
Subsidence: A Case Study at Marsha l l ,  Colorado . 
I N :  Proceed ings Conference on Coa l M ine  
Subsidence i n  the  Rocky Mounta in  Region , 
Colorado Spr ings, October 28-30, 1 985 ,  J . L. 
Hynes, ed . ,  Colorado Geological Su rvey S pecia l 
Publ ication 3 1 ,  Department of Natu ra l Resou rces, 
Denver, 1 986,  p. 39-80.  
Several of the abandoned underground coa l  
mines located near  Marsha l l ,  Colorado ( in  the 
Bou lder-Weld Coalfie ld) ,  were stud ied to charac­
terize the possib i l ity of subsidence and the h azard 
posed by those mines, inc lud ing the few that a re on 
fi re .  
Keyword (s) : abandoned mines,  m ine  f i res, 
surface structural damage, uti l it ies, p ipel i nes, 
surface water, h istorica l ,  remote sens ing,  
photography, su rvey design ,  su rvey methods, 
mon itor ing design ,  mon itor ing methods, coal m in ing  
Location (s) : Colorado, Rocky Mou nta in  Coal 
Reg ion , Un ited States 
Herring ,  J .  R. Geologic Road Log from Denver 
Federal Center to Marsha l l ,  Colorado.  A Visit to the 
Boulder-Weld Coal  F ie ld and Some Considerations 
of Bu rn ing ,  Subsid ing Coal  M ines . I N :  Proceed ings,  
Conference on Coa l Mine Subsidence i n  the Rocky 
Mountain Region,  Colorado S pr ings, October 2 8-30, 
1 985 ,  J . L. Hynes, ed . ,  Colorado Geological  S u rvey 
Special  Publ ication 3 1 , Department of Natu ral 
Resou rces , Denver, 1 9 86,  (append ix) p. 2 99-3 1 5 . 
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The author describes a field trip in the Denver 
a rea,  focus ing pr imari ly on the h azards and 
problems of land u se associated with abandoned 
u n derground coa l m ines and their  potential  for 
subsidence and spontaneous combustion . 
Keyword (s) : abandoned mines,  land-use 
p lann in g ,  mine f ires, surface subsidence damage, 
coal  m in ing  
Location (s) : Colorado, Rocky Mou nta in  Coal 
Reg ion , Un ited States 
Herron , T. J .  The Detection and Del ineation of 
S u bsu rface S u bsidence by Seismic Methods . 
Thesis,  G eophysics Department, Mich igan Col lege 
of M ines and Tech nology, 1 95 6 .  
Keyword (s) : seismic, subsurface subsidence 
damage,  geophysical 
Location (s ) : Un ited States 
Herwig, H .  The Effect of Rock Pressu re on Roof 
Conditions  in the Face . G l ueckauf, v. 1 1 7 ,  no .  2 1 ,  
1 98 1 ,  p .  1 4 1 9- 1 42 3 .  
Keyword (s) : roof support, roof stabi l ity 
Hesse, A. W .  What Sha l l  We Use for Roof Su pport 
in Coal M ines? Coal Age, v .  5 ,  February 28 ,  1 9 1 4, 
p .  354.  
Th is a rticle compares the  advantages and 
d isadvantages of oak, p ine,  chestn ut, T-ra i ls,  and 
I -beams . 
Keyword (s) : roof support, coal m in ing ,  h i storical 
Hesse, A .  W .  The Facts About Draw. Coal Age, v. 
63,  September, 1 958 ,  p .  9 8- 1 00. 
Keyword {s) : angle of draw, coal m in ing  
Hetz ler, R .  T . ,  R .  G .  Darmody, F .  W .  S immons, S .  
D .  Hard in g .  Coa l  Mine Mitigation : Effectiveness for 
Agricu ltu ral Restoration . I N :  Agronomy Abstracts, 
American Society of Agronomy 8 1  st Annua l  
Meeting ,  October 1 5-20, 1 989 ,  Las Vegas, NV,  p .  
3 7 .  
A study was in iti ated in  1 98 8  to eva luate the 
effectiveness of current methods for mitigation of 
coal m ine  su bsidence damage for restor ing 
agricu ltural  productivity .  Soi l  and crop samples from 
1 3  mit igated a reas were compared to nearby 
reference a reas . So i l  texture, bu lk  dens ity, 
moistu re, and ferti l ity were ana lyzed . There were no 
detectable d ifferences in yields between reference 
and m itigated sites in  1 98 8  despite d ifferences in 
soi l  parameters . The un usual ly dry weather  in 1 9 88 
may have influenced the  resu lts . The  research is  
be ing contin ued to e l im inate weather as a variab le .  
Keyword (s ) :  m itigation ,  coal m in i ng ,  agricu ltu re,  
land m itigation,  so i ls ,  active mines 
Location (s) : I l l i nois,  I l l i nois Coal Basin ,  U n ited 
States 
Hetz ler, R. T . ,  R. G .  Darmody, F .  W. S immons . 
Eva luation of Soi l  Physical Parameters from 
Mitigated and Undisturbed Croplan d .  I N :  Agronomy 
Abstracts, American Society of Agronomy/Soi l  
Society of America 82nd Annua l  Meeting ,  San 
Anton io,  TX, October 2 1 -26, 1 990, p .  3 9 .  
Underground coal m in ing  i n  southern I l l ino is 
causes surface land subsidence that can affect 
crops by disru pting water dra inage . Affected a reas 
have been mitigated by cutting  dra in age d itch es,  
add ing f i l l  materia l ,  or both . So i l  physical  properties 
from mitigated farmland and nearby u n distu rbed 
areas were studied . 
Keyword (s) : agricu ltu re,  soi ls, land m itigation ,  
coal m in ing ,  longwal l ,  active mines,  hydrology 
Location (s) : I l l i nois,  I l l i nois Coa l Bas in ,  U n ited 
States 
Hetz ler, R. T . ,  R. G .  Darmody . Coa l M ine  
Subsidence Mitigation : Effects on So i l  and  Crop 
Yields . IN :  Proceedings Nationa l  Sympos ium on 
Prime Farmland Reclamation ,  1 992 ,  R . E .  Du n ker, 
R . l . Barnh isel and R .G .  Darmody, eds . ,  Department 
of Agronomy, Univers ity of I l l i nois, Urbana ,  p .  
1 29- 1 35 .  
The objective of th is study was to test the 
effectiveness of mitigation i n  restoring  gra in  yields 
to their pre-mined levels . Seventeen s ites in 
Jefferson and Fran kl in Cou nties i n  I l l ino is were 
selected for the 4-year study. The sites represented 
conventiona l  m itigation tech iques on the 
predominate soi ls i n  the area . 
Keyword (s) : land mitigation ,  agricu ltu re,  active 
mines, coa l m in ing ,  soi ls 
Location (s) : I l l ino is, I l l i no is Coa l Basin ,  Un ited 
States 
Hetz ler, R. T. Coal M ine  Subsidence M itigation : 
Effectiveness for Agricu ltu ral Restoration . M . S .  
Thesis, Un iversity o f  I l l i nois ,  Department of 
Agronomy, January, 1 992 ,  1 1 5 p .  
The objective of this study was t o  assess the 
effects of mitigation on agricu ltu ral so i ls .  Bu lk 
density, soi l  strength , soi l  textu re,  hydrau l ic 
conductivity, and soi l  moisture were measu red i n  an 
attempt to identify factors wh ich may be l im iti ng  
crop yields a t  mitigated s ites . F i l l  material a t  most 
mitigation sites had S il  to S iCL textu res, massive 
structu re, and traffic- induced compaction 
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i n terfaces . Add itiona l  reclamation work such as 
i nsta l l i ng  tiles to provide adequate dra inage in fi l l ,  or 
deep t i l lage to a l leviate compaction,  may improve 
cu rrent m itigation methods . 
Keyword (s) : land m itigation , agricu lture, active 
m ines,  longwa l l ,  coal m in i ng ,  m itigation,  soi ls 
Location (s ) : I l l i no is,  I l l i nois Coal Basin ,  Un ited 
States 
Heuze,  F. E . ,  R .  E .  Goodman . Room and Pi l lar  
Structu res i n  Competent Rock .  I N :  Underground 
Rock Chambers, ASCE Symposium on Water 
Resources Eng ineeri ng ,  Phoen ix, AZ, January 
1 3- 1 4, 1 97 1 ,  p .  53 1 -565 . 
Th is paper discusses construction of room-and­
p i l lar  mine layouts and rock mechan ics parameters 
requ ired for construction . 
Keyword (s) : room-and-pi l lar, m ine  design ,  rock 
mechan ics 
Location (s) : Un ited States 
Heuze, F. E. Geotech n ical Studies for Room and 
Pi l l a r  M ine  Design .  I N :  Proceed ings M in i  Sympos ium 
on  Appl ication of  G eotechn ical  Data to  Underground  
M ine  Design ,  S M E-AI M E  Fa l l  Meeting ,  M in i  
Sympos ium Series No .  78- 1 ,  1 978 ,  p .  1 - 1 5 .  
Keyword (s ) :  room-and-pi l lar,  mine design ,  
geotech n ical 
Location (s ) : Un ited States 
H ibberd, P. Transference of G round Movement to 
S u rface Structures . Transactions I n stitute M in i ng  
Eng ineers ,  October, 1 96 1 . 
Th is  paper is a record of research from three 
s ites in Scotland,  where various types of structu res 
were damaged by subsidence, i nclud ing  a ch u rch,  
trad it iona l  houses, and brick wal ls . Theoretical 
aspects of the transmission of ground movements 
to structu res are considered, inc lud ing field data . 
The i nfl uence of soi l  type, type of foundation ,  and 
depth to workings are n oted . 
Keyword (s) : surface structu ra l  damage, soi ls, 
fou ndations 
Location (s) : Scotland  
H ickman n ,  T .  J . , J .  R .  Nawrot . Potentia l ly 
Hazardous Abandoned M ine Entries, Summary 
Report :  Phase I ,  Previously Recorded Problem S ites . 
Cooperative Wi ld l ife Research Laboratory, Southern 
I l l i noi s  Un ivers ity, Carbondale, 1 97 9 .  
Th is  report summarizes the Wi ld l ife 
Laboratory 1 s  inventory, i nvestigation , and 
eval uation of approximately 75  potentia l ly 
h azardous m ine  entries . 
Keyword (s) : abandoned m ines,  coal m in i ng  
Location (s) : I l l i nois,  I l l i nois Coa l Basin ,  Un ited 
States 
H iggin bottom ,  I .  E .  Methods of Development i n  
Areas of  Ancient Sha l low Coa l  M in ing . I N :  
M ineworkings 84, Proceedings I nternationa l  
Conference on Construction i n  Areas of  Aban doned 
Mineworkings,  Ed inbu rgh ,  1 984, M . C .  Forde,  
B . H .V .  Topping,  and H.W. Wh ittin gton , eds . ,  
Eng ineering Tech n ics Press, p .  273-2 8 6 .  
Keyword (s) : coal m in ing ,  abandoned mines,  
land-use plann ing  
Hi lb ig,  R .  Leh mann 1 s  Trough Theory .  Col l iery 
Eng ineering ,  v .  34, no .  404, October, 1 957 ,  p .  
4 1 3-4 1 6 . 
Th is a rticle is a discussion of the general 
val id ity of th is theory .  
Keyword (s) : prediction theories, room-an d-p i l lar,  
coa l m in ing  
Location (s) : Europe 
Hi lb ig,  R. On  the General Val id ity of Leh m a n n  ' s  
Trough Theory .  I N :  Proceed ings European Congress 
on G round Movement, Leeds, Eng land ,  Apri l  9 - 1 2 , 
1 957 ,  London Harrison ,  p .  1 99-20 1 . 
Keyword (s) : pred iction theories, room-and-p i l l a r, 
coal m in i ng  
H i l l ,  J .  G . , D .  R .  Price . The  I m pact of  Deep M in ing  
on an  Overlying Aqu ifer i n  Western Pen n sylva n ia .  
G round Water Mon itor ing Review, v .  3 ,  n o .  1 ,  
1 983,  p .  1 38- 1 43 .  
Th is study i s  a site-specific hydrogeologic 
an alysis conducted before, duri ng ,  and after m in i ng  
a t  a site located over a selected longwal l  m in i ng  
panel . Data from subsidence and grou ndwater 
mon itoring  networks placed over the study pane l  
were col lected, compi led , and  ana lyzed to provide 
documentation of the mechan ics of grou ndwater 
f luctuations caused by min i n g .  The study deals 
specifica l ly with water- level fl uctuations i n  aqu ifers 
u sed for domestic water suppl ies .  
Keyword (s) : subsurface water, hydrology, coal 
m in ing ,  longwal l ,  overburden , inflow 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Region,  Un ited States 
H i l l ,  J .  L. I l l .  The I nfl uence of Stream Val leys on 
Coa l Mine G round Contro l .  I N :  Proceed ings 7th 
I nternational  Conference on Grou nd  Control in 
M in ing ,  August 3-5, 1 988,  S . S .  Peng ,  ed . ,  
Morgantown , WV, p .  247-258 . 
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Over 50 m ines of the Appalach ian and  I l l i nois 
Bas ins  are presently experienc ing poor ground 
conditions bel ieved to  be caused by overlying 
stream va l leys . The USBM is conduct ing research 
i nto the causes of this problem with the aim of 
developing  a pred ictive method for determ in ing  the 
safe l im its of m in i ng  beneath stream val leys . I n  
addition ,  the factors th at control i nstab i l ity i n  these 
reg ions will be ana lyzed to provide design gu idel ines 
for adjustin g  s upport requ irements . 
Keyword (s) : coal m in i ng ,  g rou nd  control ,  
geologic features , m ine  design 
Location (s) : Appalach ian Coal Reg ion , West 
Vi rg in i a ,  I l l i nois Coal Basin ,  Un ited States 
H i l l ,  J. R. M . ,  M .  McDona ld,  L .  M. McNay. Support 
Performance of Hydrau l ic Backfi l l :  A Prel im inary 
Ana lys is .  U . S .  Bu reau of Mines R I  7850, 1 974, 1 2  
p .  ( NTIS PB  23 1 985 )  
Keyword (s) : hydrau l ic backfi l l i ng  
Location (s) : Un ited States 
H i l l ,  L .  R . ,  M .  Burr .  Hydrau l ic F i l l i ng of a Coal Seam 
at Lens ,  Pas-de-Cala is,  France .  Eng ineeri ng  and 
Min ing Journa l ,  v .  82 ,  1 906, p .  543 . 
Th is a rticle describes hydrau l ic flush ing  i n  
wh ich fi l l  materia l  is transported dry to  the work ing 
level ,  where it is mixed and  gravity fed to the 
stowing area . 
Keyword (s) : hydrau l ic backfi l l i ng ,  stowing ,  coal 
m in i ng  
Location (s ) :  France 
H i l l ,  R .  D . ,  E .  R .  Bates . Acid Mine  Dra inage and  
S u bsidence . F i na l  Report U .S .  Environmental 
Protection Agency Contract EPA/600/ 1 2 ,  I ndustria l  
Environ menta l  Research ,  Apri l ,  1 978 ,  38 p .  ( NTIS 
PB  28 1 092)  
Keyword (s) : environment, mine waste, surface 
water 
Location (s ) : Un ited States 
H indman ,  C. A . ,  C. G .  Treworgy . Use of a 
Geograph ic  I n formation System to Evaluate the 
Potentia l  for Damage from Subsidence of 
Undergroun d  M ines in I l l i nois .  I N :  Proceed ings 9th 
I n tern ationa l  Sympos ium on Computer-Assisted 
Cartography, Apri l  2-7,  1 989 ,  Balt imore, MD,  p .  
483-492 .  
Th is paper describes the use of geograph ic 
system information (G IS )  technology to evaluate the 
r isk of damage to structures from mine su bsidence 
i n  I l l i no is .  Maps and  tables created with the G I S  a re 
u sed to show the coincidence of underg round 
mines with u rban areas and to est imate the n u m ber 
and tota l va lue  of hous ing u n its exposed to 
subsidence risk .  
Keyword (s) : computer, coa l  m in i ng ,  metal 
m in ing ,  non-metal m in ing ,  abandoned m ines,  land­
use plann ing ,  insu rance,  surface structu ra l damage 
Location (s) : I l l inois, I l l i nois Coal  Bas in , U n ited 
States 
H inrichs,  D. R. Uti l ization of G eophysical  Logs i n  
t he  Eva luation of  Subsurface Conditions  for M ine  
Subsidence Stud ies . IN :  Proceedings Conference on  
Coal M ine  Subsidence in  the  Rocky Mou nta in  
Reg ion , Colorado Springs, October 28-30, 1 985 ,  
J . L .  Hynes, ed . ,  Colorado Geological Su rvey S pecia l  
Publ ication 3 1 ,  Department of  Natu ral Resources, 
Denver, 1 986,  p. 1 2 1 - 1 3 1 . 
Conventional  rotary dr i l l i ng i n  combination with 
l ithologic and down-hole geophysical logg ing  has 
proven to be the most cost-effective method for 
investigati ng abandoned mine cond itions and coal  
seam geometries a long the Colorado Front Range .  
Keyword (s) : abandoned mines, geophysica l ,  
overburden , mon itor ing methods, coal m in i ng  
Location (s) : Colorado, Rocky Mou nta in Coal 
Reg ion,  Un ited States 
Hiortdah l ,  S .  N .  Hydrolog ic and M in ing  Data from 
an Area of Underground Coal M in i ng  in Garrett 
Cou nty, Maryland .  Report of I nvestigations No .  4 1 -
A, Maryland  Geological Su rvey, Baltimore, 1 988 ,  
8 1  p .  
The report presents the resu lts of hydrolog ic 
mon itoring from 1 98 1 - 1 984 i n  an  area removing  
coa l by  the  room-and-pi l lar  method . At the  end  of 
th is phase of the study, m in i ng  was approximately 
5 0% complete and affected 1 ,650 acres . Water 
levels in  severa l observation wel ls  completed in 
confined zones both above and below the m ine  
decl ined from tens  to  h u ndreds of  feet i n  response 
to pumpage of mine dra inage .  Seepage measu re­
ments a long loca l streams ind icated losses of 
stream flow to the local groundwater systems 
occurred and var ied i n  location and magn itude 
from year to year,. 
Keyword (s ) :  hydrology, mon itori ng methods, 
su bsu rface water, room-an d-pi l la r, active m ines,  
coa l  min ing ,  inflow 
Location (s) : Maryland ,  Appalach ian Coal  
Reg ion,  Un ited States 
Hiramatsu ,  Y. ,  Y. Oka .  On the Earth Pressu re 
Phen omena Around a Long  Wal l  Work ing Place . 
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Jou rna l  M in i ng  & Meta l l u rgy I nstitute Japa n ,  v .  73,  
1 957 ,  p .  8 1 7-8 2 2 .  
Keyword (s ) : longwal l  
Location (s ) :  Japan 
H i ramatsu ,  Y. , Y. O ka .  Stress Measu rements i n  
Roofs, F loors ,  and P i l lars .  IN :  Proceedings 4th 
I nternationa l  Conference on Strata Control and Rock 
Mechan ics,  1 964, Henry Kru mb School  of Mines, 
Colu mbia  U n iversity, New York, 1 965,  1 3  p .  
I nvestigations  were conducted to determ ine  the 
i nfl uence of a longwal l  working  u pon stresses in  the 
roof and floor .  In addition ,  theoretical stud ies were 
carried out on the method of stress measu rement 
as wel l  as on the impl ication of the variations in 
stress . 
Keyword (s) : longwal l ,  in s itu testing,  
i nstru mentation ,  roof stabi l ity, floor stabi l ity, p i l lar  
strength , rock mechan ics 
H i ramatsu ,  Y. , Y. O ka .  Preca lcu lation of G roun d  
Movements Caused b y  M in i ng . I nternationa l  Jou rna l  
Rock Mechan ics and  Min ing Sciences & 
G eomechan ics Abstracts, v .  5, February, 1 968,  p .  
399-4 1 4 . 
Th is paper describes the pri nciple and the 
techn ique  of a new method of preca lcu lati ng the 
grou n d  movements caused by min ing  coa l seams or 
ore bodies . In th is  method, fu nctions of i nf luence, 
which by integration g ive the infl uence factors, are 
u sed . Th is method is adaptable to computer analy­
sis and  can be used to determine  subsidence and 
h orizontal d isplacements, inc l inations, stra ins,  and 
curvatu res . 
Keyword (s) : vertical  d isplacement, horizonta l 
d isp lacement, pred iction,  computer, rock 
mechanics, coa l m in ing ,  meta l m in ing ,  influence 
fu nction 
Location (s ) :  Japan 
H i ramatsu ,  Y. , H .  Okamura,  K. Sugawara . Su rface 
Su bsidence and  Horizonta l  Displacement Caused by 
M in i ng  I n cl ined Coal Seams . I N :  Proceedings 4th 
Congress I ntern ationa l  Society for Rock Mechan ics, 
Montreux, Switzerland,  September 2-8,  1 979 ,  
Ba lkema,  Rotterdam, p .  665-670. 
Keyword (s ) : rock mechan ics, horizontal 
d isplacement, surface subsidence damage 
H i ramatsu , Y. Deep Undergrou nd Excavations, 
Especia l ly Tu n n els and Coal M in ing ,  and the 
S u bsidence Caused by Them . I N :  Rock Mechan ics 
for Resource Development, M in ing  and Civi l  
Eng ineering ,  Proceedings 5th Congress I nternationa l  
Society for Rock Mechan ics, Melbourne,  Austra l ia ,  
1 983, Balkema, Rotterdam, v .  3 ,  Section G ,  p .  
G 1 67-G 1 84 .  
Th is report briefly describes recent research on  
the  geomechan ics and  geotechno logy of  deep 
u nderground excavations .  Special  attention is 
shown to tu n nels and coa l m in ing ,  as wel l  as the 
g rou nd subsidence caused by the m .  These are the 
topics u nder the Su b-Theme C2, C3 and C4 in th is  
Congress . This report i ntroduces the important part 
of the papers su bmitted  to th is Congress u nder 
these Su b-Themes to suggest particu lar a reas for 
discussion . 
Keyword (s) : coa l m in ing ,  tun nel l i ng ,  rock 
mechan ics, longwal l ,  room-and-pi l lar, model i ng ,  
prediction 
H i ramatsu ,  Y. Deep Underground  Excavations :  
Tu nnels, Coal M in ing ,  a n d  S u bsidence . I N :  Rock 
Mechan ics for Resource Development, M in i ng  and  
Civi l Eng ineeri ng ,  Proceedings 5th Congress of 
I nternational  Society for Rock Mechan ics, 
Melbourne, Austra l ia ,  1 983,  Ba lkema,  Rotterdam,  
p .  G 207-G 208 . 
This paper g ives the state of i nvestigation on 
rock mechan ics on these th ree topics . 
Keyword (s) : tu n ne l l ing,  rock mechan ics, coal 
m in ing  
H i rt, A .  M. ,  A .  Shakoor. Determination of  Uncon­
f ined Compressive Strength of Coal for P i l lar  
Design . Min ing Engineering ,  v .  44, no.  8 ,  August, 
1 9 9 2, p. 1 03 7 - 1  04 1 . 
The compressive strength of coal and its 
variation with in and between seams was deter­
mined for fou r  Pen nsylvan ia  coa l seams .  Large 
coa l b locks were obtained from 1 2  coa l m ines .  
The cu bes were tested for compressive strength . 
The resu lts were then used to compute actua l  p i l l a r  
strength . 
Keyword (s) : p i l lar  stren gth , coal m in i ng ,  lab 
testing ,  active mines, rock mechan ics 
Location (s) : Pen nsylvan ia ,  Appalach ian  Coal 
Reg ion , Un ited States 
H isatake, M . ,  T.  Ito .  Th ree-Dimensiona l  Bou ndary 
Element Analysis of Surface Subsidence Caused by 
Sha l low Tun nel Driving . Doboku G akka i Rombun  
Hokokushu ,  no .  327,  November, 1 982 ,  p .  
1 07- 1 1 4 . 
Keyword (s) : bou ndary element, model i ng ,  
tu n ne l l i ng  
1 68 
His lam,  J .  L. S ite I mprovement Techn iques--M ine  
I nf i l l i ng . IN :  M ineworkings 84 :  Proceedings 
I nternationa l  Conference on Construction in  Areas 
of Abandoned M ineworkings,  Ed i nbu rgh ,  1 984, 
M .C .  Forde, 8 . H .V .  Topp ing ,  and H .W .  Wh ittin gton ,  
eds . ,  Eng ineeri ng  Tech n ics Press, p .  1 2 1 - 1 30 .  
Keyword (s) : coal m in i ng ,  abandoned mines ,  
backfi l l i ng  
Hobba, W.  A. ,  J r .  Effects of  Undergrou nd  Min ing  
and  M ine  Col lapse on the  Hydrology of  Selected 
Basins  in West Virg i n i a .  West Virg in ia  Geological 
Su rvey R l -33,  1 982 ,  84 p .  
Th is report examines the effects of m in ing  and  
col lapse on hydrology i n  two contrasting  s ituations :  
where the m ined coal is above and  below major 
streams.  It  i nc ludes a g lossary.  
Keyword (s) : coa l  min i ng ,  hydrology, subsurface 
water, overbu rden 
Location (s) : West Virg i n ia ,  Appalach ian Coal 
Region , Un ited States 
Hobbs, D .  W. The Strength and the Stress-Stra in  
Characteristics of  Coal i n  Triaxial Compression . 
Journa l  of Geology, v .  72 ,  March , 1 964, p .  
2 1 4-23 1 . 
Keyword (s) : rock mechan ics, lab testing ,  coa l 
m in i ng ,  p i l l a r  strength 
Hodk in ,  D. L., R. K .  Dunham,  I .  W. Farmer. 
Deformation of Coal Measures Strata Above a 
Retreating  Lon gwa l l  Face . I N :  Proceedings 20th 
U . S .  Sympos ium on Rock Mechan ics, Austi n ,  TX, 
J u n e  4-6, 1 979 ,  Un iversity of Texas, p. 5 1 7-524.  
Vertica l  settlements at various depths above 
the centerl i ne  of a sha l low caving longwa l l  face 
were measu red by level l i n g  and  by us ing an anchor  
extensometer system insta l led i n  two undergrou nd  
boreholes dri l led from abandoned p i l l a r  workings 75 
meters above the face . Differentia l  settlement 
between the u pper and lower levels was found  to 
be g reater than  expected; th is is attributed partly to 
the presence of strong,  good qua l ity sandstones in 
the Coal Measu res cyclothem . Considerable damage 
and col lapse of workings at the u pper level occurred 
30 to 40 meters after passage of the face at the 
lower level and coin cided with the predicted zone of 
peak tens i le  stra i n . 
Keyword (s) : longwal l ,  vertical d isplacement, 
rock mechan ics, su rvey methods, instru mentation , 
mon itorin g  methods, overburden , coal m in ing ,  
active m ines 
Location (s) : Un ited States 
Hoffmann,  H .  The Effects of D i rection of Working  
and Rate of  Advance on the Scale-Deformation of  a 
Se lf-Loaded Stratified Model  of a Large Body of 
G round .  I N :  Proceedings 4th I nternationa l  Con­
ference on Strata Control and Rock Mechan ics, 
May 4-8 ,  1 964, Hen ry Kru mb School of M ines,  
Colu mbia . Un iversity, New York, 1 965,  p .  397-4 1 1 .  
The subsidence model , made of synthetic foam ,  
consisted o f  severa l p lates separated b y  paper 
strips; it was designed to study the effects of 
subsidence on overburden strata . 
Keyword (s) : m ine des ign ,  rock mechan ics, 
model ing,  overburden 
Hol la,  L .  Empir ical Pred iction of Subsidence 
Movements in the Southern Coalfields of New 
South Wales, Austra l ia . I N :  The Developing  Science 
and Art of Minerals Su rveying,  Proceedings Vlth 
I nternationa l  Congress, I nternationa l  Society for 
Mine S u rveying,  Harrogate, September 9- 1 3 , 1 985 ,  
Ba lkema,  Rotterdam,  p .  557-567 .  
The empir ical approach has  been fol lowed by 
the New South Wales Department of Mineral 
Resources for predicti ng subsidence . In the past, 
grou nd movements were predicted making use of 
the Subsidence Eng ineers ' Handbook prepared by 
the Nationa l  Coal Board . An intens ive program of 
subsidence research resu lted in the development of 
prediction cu rves for New South Wales that were 
found to be sign ificantly d ifferent to the cu rves i n  
t he  Un ited Kingdom . Th is report summarizes the 
resu lts of research and h igh l ights some problems 
encountered during the process of standard iz ing 
empirical cu rves for  the Southern Coalfields of New 
South Wales . 
Keyword (s) : pred iction,  prediction theories, coal 
m in ing ,  active mines, Nationa l  Coal Board, longwa l l ,  
yield ing supports, mon itori ng  methods 
Location (s) : Austra l ia 
Hol la,  L. Th e Min im isation of Surface Subsidence 
by Design of Mine Workings .  I N :  Proceed ings 
Austra lasian Institute Min ing Meta l l u rgy, v .  240, 
1 985 ,  p. 53-5 9 .  
Keyword (s) : m i n e  design 
Location (s) : Austra l ia  
Hol la ,  L .  Eva luation of Surface S u bsidence 
Characteristics in the Newcastle Coalfield of New 
South Wa les . The Coal Journa l ,  v .  1 1 , 1 986,  
Austra l ia ,  1 2  p .  
Keyword (s) : coal m in ing ,  surface su bsidence 
damage 
Location (s) : Austra l ia 
1 69 
Hol la ,  L . ,  B .  Hughson . State-of-the-Art of M in ing  
Under  Pub l ic  Uti l it ies in  New South Wa les . I N :  
Proceedings ,  Sympos ium o n  Ground  Movement and 
Control Related to Coa l  Min ing,  l l lawarra, Austra l ia ,  
N . I .  Aziz,  ed . ,  August, 1 986,  Austra lasian I nstitute 
of M in i ng  and Meta l lu rgy, p .  334-340 . 
Large amounts of coal l ie  steri l i zed under roads, 
ra i lways, p ipe l ines ,  and power transmission l ines .  
Min ing to extract these resou rces wi l l  cause sub­
sidence,  but not n ecessari ly unacceptable damage 
to the uti l ity . The establ ish ment of acceptable 
standards of damage, where the va lue  of mined 
coal  is m uch g reater than reparation costs, and 
means of ach iev ing l imited damage a re examined . 
Procedu res for m in ing  under each uti l ity are 
presented . I n  the l ight of overseas experience, 
improvements in current recovery under rai lways 
may be possib le .  
Keyword (s) : coa l  m in ing ,  roads, ra i l roads, 
p ipe l i nes, uti l it ies 
Location (s) : Austra l ia 
Hol la ,  L . ,  M. Bu izen . The G round Movement, Strata 
Fractu r ing and Changes in Permeabi l ity Due to Deep 
Lon gwal l  M in in g .  I nternationa l  Journa l  of Rock 
Mechan ics and M in ing  Sciences & Geomechan ics 
Abstracts, v .  28 ,  n o .  23,  1 99 1 ,  p .  207-2 1 7 . 
Strata movement due to longwal l  retreat min ing  
was stud ied i n  the Southern coalfield, near  Sydney I 
Austra l ia . S ubsu rface deformation was mon itored 
by record ing  the movements of a series of anchors, 
i nsta l led at variou s  depths in  a borehole d ri l led over 
a longwal l  pane l . Bu lk  strata permeabi l ity was 
measu red by packer tests before and after m in i ng .  
Pre-min ing  and post-min ing fractu res were 
compared . Vertical stra ins the overbu rden varied 
from 0 . 5  to 4 mm/m . Tensi le stra ins  extended from 
the surface to 1 1 2 m depth and were less than 0 . 5  
m m/m . I ncreases in  permeabi l ity a n d  n u mber of 
fractu res were seen but no correlation was evident. 
Keyword (s ) :  overburden , longwal l ,  
i nstru mentation , mon itor ing equ ipment, mon itor ing 
methods, coal m in ing ,  subsurface water, hydrology 
Location {s) : Austra l ia  
Ho l la ,  L .  Some Aspects of Strata Movement 
Relating to M in i ng  Under Water Bod ies in  New 
South Wales, Austra l i a .  I N :  Proceedings 4th 
I nternationa l  M ine  Water Congress, Lju bljana  
(S loven ia ) -Portsch ach (Austria ) ,  September 1 99 1 ,  
p .  233-244.  
Successfu l m in ing  layouts for min ing  coal under 
la rge  water bod ies shou ld ensure that a substantial  
th ickness of overbu rden strata remains und isturbed 
to prevent the flood ing of m ine  workings . One  of 
the criteria fol lowed in  many countr ies for con­
tro l l ing sub-surface strata d istu rbance is to specify 
a l imit on the rockhead tensi le stra in . However, the 
genera l ly specified rockhead stra ins are wel l  i n  
excess of  the stra in  requ i red to cause surface 
fracturing . It therefore leads to the conclusion that 
the composition of strata between the cracked zone 
on the surface and tthe caved zone above the 
extracted seam plays an important role  in  
preventing water inflows into the m ine  workings . 
Ducti le beds l ike shales, m udstones, and  clay bands 
appear more effective than sandstone beds of the 
same thickness . 
Keyword (s) : coal m in ing ,  surface water, 
overbu rden , geolog ic features, mine design ,  
longwal l ,  rock mechan ics, inflow 
Location (s) : Austra l ia  
Hol la,  L .  Ground Movement Due to the M in i ng  of 
Thick Coa l Seams at Sha l low Depths and its Effect 
on Su rface Structures .  I N :  Ground  Movements and  
Structures, Proceed ings 4th I nternationa l  
Conference, Un iversity of  Wales Col lege of  Card iff, 
Ju ly 8- 1 1 ,  1 99 1 ,  J . D . Geddes, ed . ,  Pentech Press, 
London , 1 992 ,  p .  1 93-208 . 
The pr imary objectives of an intens ive program 
of research are to define  the ground movement 
pattern in  the coalfields of New South Wales, to 
develop empirical models capable of predictin g  
surface a n d  subsu rface su bsidence prior t o  m in ing ,  
and to  quantify the extent  of  damage to  d ifferent 
types of structu res under d ifferent levels of g round  
movement. Th is paper inc ludes some aspects of 
subsidence investigation into the effect of m in i ng  
sha l low seams on the  surface and  su rface 
structu res . 
Keyword (s) : coal m in ing ,  surface structu ra l 
damage, active mines, longwal l ,  mon itori ng  
methods, su rvey methods, su rvey data processing ,  
horizontal displacement, vertical d isplacement, 
p ipel ines ,  uti l ities, ra i l roads 
Location (s) : Austra l ia 
Hol land,  C. T .  Pi l lar  Deformation i n  a Bitu minous 
Coa l Mine . Transactions A I M E, v .  1 30,  1 938 ,  p .  
333-3 5 7 .  
This is a study of the compressive effect u pon 
adjacent remain ing p i l lars when selected p i l lars 
were pu l led in the Pittsbu rgh seam . 
Keyword (s) : coal m in ing ,  p i l lar  extraction , p i l l a r  
strength , in situ testing ,  bitu minous 
Location (s) : West Virg in ia,  Appalach ian Coal 
Reg ion,  Un ited States 
1 70 
Hol land,  C .  T . ,  E .  Thomas . Coa l M ine  Bu mps :  Some 
Aspects of Occurrence, Cause and Control . U .S .  
Bureau of M ines B 535,  1 954, 3 6  p .  
Keyword (s) : g round contro l ,  room-and-p i l la r, 
m ine  design ,  bum ps, coal  m in ing  
Location (s) : Un ited States 
Ho l land,  C .  T. M inera l Content .  A Factor in 
Weather ing of Mine Roof. M in ing  Congress Journa l ,  
v .  42 , no .  1 ,  1 956 ,  p .  49-54. 
Keyword (s) : rock mechan ics, g round contro l ,  
roof stabi l ity 
Hol land,  C .  T . ,  F .  L. Gaddy.  Some Aspects of 
Permanent Support of Overbu rden on Coalbeds .  I N :  
Proceed ings West Virg in ia  Coal M in ing  I nstitute 
S pring  Meeting ,  June  22-23,  1 956,  and 49th 
An n ua l  Meeting ,  November 2-3, 1 956, West 
Virg in ia Coal M in ing  I nstitute, 1 957,  p. 43-6 5 .  
T h i s  paper cons iders the support o f  overbu rden 
from these aspects : load on coal bed before m in ing ,  
stress or load  produced by m in ing ,  strength of  coal 
and p i l lars, load capacity of the roof and floor,effect 
of water on roof and floor materia l ,  composition of 
load-bearing  rocks, and safety factors . 
Keyword (s) : overbu rden , p i l lar  strength , roof 
stabi l ity, floor stab i l ity, m ine  safety, coal m in ing  
Location (s ) :  Un ited States 
Hol land,  C. T. Cause and Occu rrence of Coa l M ine  
Bumps . Transactions S M E-AI M E, v .  2 1 1 ,  1 958 ,  p .  
9 9 4- 1 004 . 
Keyword (s) : g round contro l ,  room-and-pi l lar, 
m ine  design ,  coal m in i ng ,  bu mps 
Hol land,  C. T.  Notes on the Theory of a Maximum 
Pressu re Arch and Yield P i l lar  Tech n iques as  
Appl ied to  Entry Panel  Desig n .  IN :  Proceedings Coal 
M in i ng  I nstitute of America, 1 96 1 ,  p. 68-7 8 .  
The author d iscusses yield p i l lar  theory of entry 
design so that some roof problems and rock bu rsts 
are e l im inated in m ines at depths  of 400 to 2 ,000 
feet below the surface.  
Keyword (s) : m ine  design ,  roof support, roof 
stabi l ity, yield ing  su pports 
Location (s ) :  Un ited States 
Hol land,  C. T. Design of P i l lars for Overbu rden 
S u pport, Part 1 - 1 1 .  Min ing  Congress Jou rna l ,  v. 48, 
no. 23-24, 1 962 .  
The author u ses field tests to  support 
laboratory theories on p i l lar  design for permanent 
su pport of overburden in coal beds .  The effect of 
water on floor rock is briefly discussed . 
Keyword (s ) :  floor stabi l ity, p i l l a r  strength , m ine  
des ign ,  overburden,  coal m in ing ,  i n  s itu testin g ,  l ab  
testi ng 
Hol land,  C .  T .  The Strength of  Coa l  in  M ine  P i l lars . 
I N :  Proceedings 6th Sympos ium on Rock 
Mechan ics, Un iversity of Missouri at Rol l a ,  1 964, 
E . M .  Spokes and C . R .  Ch ristiansen,  eds . ,  p .  
450-466.  
This paper d iscusses the strength of  coa l based 
on the specimen size and the least d imension of the 
specimen . Various parameters affectin g  the coal 
strength are discussed and ,  based on experimenta l  
data, a series of  conclus ions regard ing coa l strength 
are presented . 
Keyword(s) : rock mechan ics, p i l l a r  strength , 
coa l m in ing ,  lab testing ,  room-and-p i l lar  
Location (s) :  Un ited States 
Hol land, C. T. F ina l  Report on the Effect of M in i ng  
Upon and  Methods of Protectin g  Earthfi l l  Dams 
Located in  the Wheel ing Creek Area . Report to U .S . 
Department of Agri�u ltu re, Soi l  Conservation 
Service, Morgantown, WV, March 20, 1 965 . 
This report describes requ i red support i n  the 
form of unm ined coal  beneath proposed earth dams 
in Pen nsylvan ia and  West Virg in ia .The current 
( 1 965)  state of knowledge concern i ng  subsidence 
parameters and coal strength for the a rea and  
seams i n  question is  summarized to  justify 
recommendations presented . 
Keyword (s) :  p i l lar  strength , su rface structu ra l  
damage, coa l  m in ing  
Location (s) : Pen nsylvan ia ,  West Virg in i a , 
Appalach ian Coal Reg ion ,  Un ited States 
Hol land,  C. T., D. A.  O lsen . l nterfacia l  Fr iction ,  
Moistu re, and Coal P i l l a r  Strength . Transactions 
AI ME ,  v .  2 4 1 , 1 968,  p .  3 23-328 . 
Th is paper discusses the development of a 
formu la  for estimation of coal p i l l a r  strength . One  of 
the factors involved in the formu la is the coeffic ient 
of friction between the coal p i l lar  and the adjacent 
rock with which it is in  contact .  The resu lts of 
stud ies on sandstone,  l imestone,  sha le, and coa l ,  
and the  coefficient of  friction between coa l and  the 
preceding th ree rock types under wet and dry 
conditions a re presented . 
Keyword (s ) :  coal m in i ng ,  p i l lar  strength , i n  situ 
testi ng 
Location (s) : Un ited States 
1 7 1  
Hol land,  C .  T .  Th i rty Years '  Experience i n  Applying  
Rock Mechan ics to  Roof Control in  Coal M in i ng . 
A I M E  Prepri nt  7 1 -F-347 , 1 97 1 . 
Th is paper reviews the h istorical and  current 
methods of roof control ,  inc lud ing p i l lar/room 
d imens ion ,  rock bolti ng ,  geolog ical cons iderations,  
� and depth of overburden . ' 
Keyword (s) : roof stabi l ity, roof support, grou nd 
contro l ,  room-and-pi l lar, overburden, coa l  m in ing  
Location (s) :  Un ited States 
Ho l land,  C. T. M ine  Pi l l a r  Design . I N :  S M E  M in i ng  
Eng ineering  Handbook, v .  1 ,  A . B .  Cummins  and I .A .  
G ivens,  eds . ,  1 973 ,  S M E-AI ME,  New York, p .  
1 3-96 to 1 3- 1 1 8 . 
Pi l l a r  design presupposes a knowledge of the 
pertiment geology of the area i nvolved . This takes 
in the fol lowing  aspects of the local geology but is 
n ot necessari ly l imited to them : ( 1 }  th ickness of the 
overbu rden and its i nvolved strata, (2) stress f ield 
or  f ie lds affecting  the a rea,  (3 )  structu ral strength 
of the rocks overlying and u nderlying the bed , (4) 
jo inti ng  system affecting  the rocks -of the a rea, and 
(5 )  water that might enter the bed and its effects 
u pon the rocks i nvolved . 
Keyword (s } :  p i l l a r  strength , ground control , 
m ine  design ,  geologic features, overburden,  yie ld ing 
supports, coal  m in i ng  
Location (s) : Un ited States 
Ho l land,  C. T. P i l lar  Design for Permanent and Semi­
Permanent Support of the Overbu rden i n  Coal 
M i n es .  I N :  Proceedings 9th Canadian Rock 
Mechan ics Symposium,  Montrea l ,  1 973 . 
Keyword (s } : rock mechan ics, mine des ign ,  p i l lar  
strength , yield ing  su pports, overbu rden 
Ho lm,  J. D .  M ine  Subsidence I nsurance for 
Colorado :  A Risk Management Approach . I N :  
Proceedings Conference o n  Coa l Mine Subsidence 
i n  the Rocky Mounta in Region , Colorado Springs,  
October 2 8-30, 1 985,  J . L . Hynes, ed . ,  Colorado 
Geological  Su rvey S pecial Publ ication 3 1 ,  
Department of Natu ral Resources, Denver, 1 9 86, p .  
2 8 1 -298 .  
The State of Colorado i s  i n  the fi na l  stages of 
develop ing a S u bsidence I nsu rance Program that 
wi l l  be operated by one or more private insurance 
compan ies . The state ' s  i nvolement is  necessitated 
by provis ions in  the federa l legis lation enab l ing the 
progra m .  Also, no specific subsidence r isk 
i nsu rance is  cu rrently ava i lable in  the market place. 
Keyword (s) : i nsurance, law, abandoned m ines,  
reclamation , pneu matic backfi l l i ng ,  hydrau l ic 
backfi l l i ng ,  structu ra l m itigation ,  coa l m in i ng  
Location (s) : Colorado, Rocky Mounta in  Coal 
Reg ion , Pen nsylvan ia ,  I l l i nois, West Virg in ia ,  
KentLWky, Oh io, Un ited States 
Holt, D. N . , B. R. Marker. Benefits of Eng ineeri ng  
Geology for Land  Use Plan n ing  i n  Areas of Past 
Meta l l iferous M in i ng .  rN : P la n n ing  and  Eng ineeri ng  
Geology, Proceedings 22nd Ann ual  Conference, 
Eng ineering  Grou p of the Geolog ical Society, 
Plymouth Polytechn ic, September 8- 1 2, 1 986 ,  
M . G . Cu lshaw, et a l . ,  eds . ,  The  Geological  Society, 
London,  1 987 ,  p. 75-80.  
Meta l l iferous min ing  i n  the Un ited Kingdom has 
left an i nheritance of subsidence and  contamination 
that can affect the viab i l ity and su itab i l ity of l and  
for present and  futu re use .  
Keyword(s ) :  meta l m in ing ,  land-use p la n n ing ,  
geologic featu res, mine waste, subsurface water 
Location (s) : Eng land,  Un ited Kingdom 
Holzer, T .  L. G round Fa i l u re i n  Areas of S ubs idence 
Due to G roundwater Dec l ine i n  the Un ited States . 
I N :  Proceedings 2nd  I nternationa l  Symposiu m  on 
Land  Subsidence, Anahe im,  CA, IAHS-AI HS 
Publ ication No . 1 2 1 ,  December, 1 976,  p .  423-43 3 .  
Keyword (s) : hydrology, subsurface water, fl u id  
extraction 
Location (s) : Un ited States 
Holzer, T. L., W ;  Thatcher .  Model i ng  Deformation 
Due to Subsidence Fau lti ng . I N :  Eva luation and  
Pred iction of Subsidence,  Proceedings  I nternationa l  
Conference, Pensacola Beach , FL, January 1 5-20, 
1 978 ,  S . K . Saxena,  ed . ,  ASCE,  New York, 1 97 9 ,  
p .  349-357 .  
A relation between aseismic su rface fau lti n g  
and groundwater withdrawal from a l l uv ia l  basins  
u ndergoing  h uman- induced land subsidence h as 
been suggested or impl ied by severa l i nvestigators . 
I n  this paper, an  additiona l  approach is proposed 
and i l l ustrated for ana lyz ing the origin of su rface 
fau lt ing with in areas of goru ndwater withdrawa l .  
The conceptua l  basis for the approach i s  that by 
model ing  surface deformation computed from 
repeated precise geodetic surveys across fau lts, the 
approximate depth of fau lt ru ptu re may be inferred . 
Keyword (s) : model ing ,  f lu id extraction ,  geologic 
featu res 
Location (s) : Arizona 
1 7 2 
Holzer, T .  L. Preconsol idation Stress of Aqu ifer 
Systems in Areas of I nduced Lan d  Subsidence . 
Water Resou rces Research , Wash ington , D . C . ,  
1 98 1 , p .  693-704. 
Keyword (s} : hydrology, subsurface water, 
subsurface subsidence damage, overburden 
Location (s} :  Un ited States 
Holzer, T. L .  G roun d  Fai lu re I nduced by G rou nd­
water With drawal from Unconsol idated Sediment.  
I N :  Man- I nduced Land  Su bsidence, Reviews in  
Eng ineeri ng  Geology VI ,  1 984, T . L. Holzer, ed . ,  The 
G eolog ical Society of America , p .  67- 1 05 .  
G round  fa i l u res, rang ing  from long tension 
cracks or fissu res to surface fau lts, are caused by 
h u man- induced water-level dec l ines in more than 1 4  
a reas i n  the contiguous Un ited States . These fa i l ­
u res are associated with l and subsidence caused by 
compaction of u nderly ing u n consol idated sediment .  
The greatest economic impact from ground fa i l u re is  
i n  the metropol itan reg ion of Houston-Galveston ,  
Texas ,  where more than  86  su rface fau lts have 
caused m i l l ions of dol lars of damage and losses of 
property va l ue .  
Keyword (s) : subsurface water, flu id extraction , 
geologic featu res, land-use p lann ing  
Location (s} : Texas, Cal iforn ia ,  Arizona,  Un ited 
States 
Holzer, T. L. Land  S u bsidence : Its I mpacts and  
Costs i n  the U .S .  Underground  Space, v .  9 ,  no .  
5-6,  1 985 ,  p .  2 60-263 . 
This paper d iscusses land su bsidence of a l l  
types wh ich was either d i rectly or ind i rectly caused 
by h u man activity, i nc lud ing  subsurface m in ing ,  
withdrawal of  g roundwater and petroleu m from 
u nconsol idated sed iment, drainage of peat and  
m uck soi ls ,  g roundwater withdrawal from l ime­
stone,  solution m in i ng ,  and  surface appl ication · of 
water to u ndercompacted sediment.  Human­
i nduced subsidence occurs i n  at least 38 states in  
the Un ited States . 
Keyword (s} :  economics, abandoned mines, 
su rface structu ra l damage, surface water, 
subsurface water, vertical d isplacement, o i l  
extraction ,  meta l min ing,  non-metal min ing,  coa l 
m in i ng ,  fl u id  extraction 
Location (s ) : Un ited States, Italy, I l l i nois, 
Lou is iana ,  Florida ,  Texas, Virg in ia ,  Cal iforn ia 
Holzer, T .  L . ,  ed . Man- I nduced Land Subsidence . 
Geological  Society of America Reviews i n  
Eng ineeri ng  Geology Volume VI ,  1 984, GSA, 
Bou lder, CO, 22 1 p. 
Recogn iz ing  the vital roles of eng ineeri ng  
geolog ists and hydrogeolog ists in  the  prediction ,  
contro l ,  and mitigation of  h u man-induced land 
subsidence, a GSA sympos ium on  the subject was 
held at the annua l  meeting in  1 980.  N ine  of the 
papers presented were expanded i nto th is volu me, 
which compi les comprehensive summaries of the 
mechan isms of land subsidence i n  the Un ited States 
and the techn iques that have been developed to 
predict and mitigate it. Papers were arranged into 
three categories : ( 1 )  flu id withdrawal from porous 
med ia ,  (2 )  dra inage of  organ ic so i l ,  and  (3 )  col lapse 
i nto man made and natural cavities . 
Keyword (s) : fl'u id extraction ,  eng ineeri ng ,  
prediction , o i l  extraction ,  soi ls, coa l  m in ing ,  n on­
meta l m in i ng  
Location (s ) :  Appa lach ian  Coa l Reg ion ,  I l l i nois 
Coal Bas in ,  Rocky Mounta in  Coal Region , Un ited 
States 
Hood, M . ,  R. T. Ewy, L. R .  R iddle,  J .  J .  K.  Daemen . 
Empirica l Methods for Su bsidence Prediction and 
The i r  Appl icab i l ity to U .S .  Min ing Cond itions .  F ina l  
Report, Contract No .  62-0200, Department of 
Materia l  Science and M in ing  Eng ineeri ng ,  Un ivers ity 
of Cal iforn ia ,  Berkeley, October, 1 98 1 ,  241  p .  
Th is work program h a d  two major objectives :  to 
update the understand ing of European and other 
relevant subsidence pred iction methods, and  to 
evaluate the appl icabi l ity of these methods to 
min ing  cond itions in the Un ited States . The scope 
of the work was broad, ca l l i ng  for a col lection of 
case h istories and an examination of the i nflu ence 
of min ing methods, m ine  geometry, and geolog ical  
features on the various prediction tech n iques .  The 
empir ical  subsidence prediction techn ique  can be 
divided into fou r  categories : an empirical data 
tech n ique,  a profi le function tech n ique,  an i nf luence 
function techn ique,  and a stoch astic tech n ique .  
Keyword (s) : pred iction theories, empirical  
model ,  ang le of draw, l iteratu re search , prediction ,  
model ing ,  coal m in i ng ,  Nationa l  Coal Board, vertica l  
displacement, horizonta l  d isplacement, t ime factor, 
profi le function,  i nfl uence fu nctio n ,  stochastic 
model 
Location (s) : Un ited States 
Hood, M . ,  R .  T. Ewy, L. R. Riddle . Empir ical 
Methods of Su bsidence Pred iction --A Case Study.  
IN :  Procedings Workshop on Su rface Subsidence 
Due to Underground M in i ng ,  Morgantown , WV, 
November 30-December 2 ,  1 98 1 ,  S . S .  Peng and  M .  
Harth i l l ,  eds . ,  Department of M in ing  Eng ineeri ng ,  
West Virg in ia Un ivers ity, 1 982,  p .  1 00- 1 22 .  
S ubsiden ce profi les above two adjacent panels 
i n  I l l i nois a re compared with profi les predicting  
subsidence behavior obta ined us i ng  the  Nationa l  
Coal  Board m ethod, the profi le fun ction method, 
and the i nflu ence fu nction method .  
Keyword (s ) :  vertical d isplacement, horizontal 
d isp lacement, prediction ,  longwal l ,  empi rical  model, 
Nationa l  Coal Board , profi le function ,  influence 
fu nction 
Location (s) : I l l i nois ,  I l l i nois Coal  Bas in ,  Un ited 
States 
Hood, M . ,  R. T. Ewy, L.  R. Riddle . Empir ical 
Methods of S u bsidence Prediction --A Case Study 
From I l l i no is .  I nternationa l  Journal of Rock 
Mecha n ics and M in i ng  Sciences & Geomechan ics 
Abstracts, v .  20, n o .  4, August, 1 983,  p. 1 53- 1 70.  
Su bsidence profi les above two adjacent panels 
i n  I l l i nois are compared with profi les predicting  
su bsidence behavior obta ined us i ng  the  Nationa l  
Coa l  Board method, the  profi le function method, 
and the i nf luence function method . 
Keyword (s) : prediction ,  coal m in ing ,  prediction 
theories, empir ical  model,  profi le function , i nf luence 
fu nction ,  Nationa l  Coa l Board 
Lbcation (s ) : I l l i no is, I l l i nois Coal Bas in ,  Un ited 
States 
Hooker, V. E. A Method of Eva luat ing Room and 
Pi l lar  or Pan el Design . I N :  Proceedings U . S .  Bureau 
of M ines Tech nology Transfer Seminar on G round 
Control Aspects of  Coa l  M ine  Des ign,  Lexington , 
KY, March , 1 97 3; U .S .  Bureau of M ines I C  8630, . 1 974, p.  44-48 . 
1 7 3 
Pi l lar  stresses and strengths were measu red and 
u sed to eva luate the stabi l i ty of p i l lars i n  an 
u n derground  mine.  Un iaxial  and triaxia l  strength 
tests were conducted both on samples which 
conta ined n o  p lane of weakness {sol id)  and on 
those which conta ined p lanes of weakness . For 
u nconfi ned specimens conta in ing  p lanes of 
weakness the strength reduction can be as large as 
73% .  In s itu stress determinations were made i n  
the p i l l a rs and  r ib  wa l l .  Resu lts ind icated th at p i l lars 
were n ot carry ing the calcu lated loads expected 
from extraction ratios . Th e vertical stress mag­
n itude i n  the r ib wal l  was 1 . 8 times that expected 
from overbu rden i ndicating  additional  load 
transmission i n  this reg ion . 
Keyword (s} :  room-and-pi l lar, g round control,  
mine design ,  pi l lar strength , lab testing,  in  s itu 
testing ,  rock mechan ics 
Location (s } :  U n ited States 
Hooker, V. E .  Stress F ields--What is Known About 
Them . I N :  G round  Control Aspects of Coa l M ine  
Design ,  Proceedings,  Bureau of  M ines Tech no logy 
Tran sfer Seminar, Lexington ,  KY, March 6, 1 973 ,  
U . S .  Bu reau of Mines IC  8630, 1 974, p .  22-2 7 .  
Results of investigations i nto the n atu re and  
extent of in  situ stress fields show that the  stresses 
appl ied to a rock mass in  wh ich m in i ng  is done may 
be composed of gravitationa l ,  thermal ,  or tecton ic 
stresses . The magn itudes and d i rections of the 
stress components seem to correlate with geo­
log ical features . The horizonta l  components of 
stress are compressive and genera l ly u nequa l .  
Keyword (s) : g round control , geolog ic features , 
mine design 
Location (s) : Un ited States 
Hopkins,  D. L . ,  N .  G .  W .  Cook . A Model Based on  
the Min imization of  Stra in  Energy as a Tool i n  the  
Design of  Coal P i l lars .  IN :  Rock Mechan ics 
Contributions and Chal lenges, Proceedings of the 
3 1 st U . S .  Rock Mechan ics Sympos ium,  J u n e  
1 8-20, 1 990, W . A .  Hustru l id and  G . A .  Johnson , 
eds . ,  Golden , CO, Ba lkema, Rotterdam,  p .  
1 77- 1 84. 
Stresses i n  coal p i l lars have been ana lyzed 
usi ng  a model based on the m in imization of stra in  
energy. I n  addition to  the  deformation of  the p i l la rs ,  
the model accou nts for deformation of  the roof and 
floor and mechan ical interaction between p i l lars .  
The model i s  used to calcu late the distribution of 
stress in isolated p i l lars and a rrays of p i l lars before 
any yield ing has occurred . The effect of mechan ica l 
interaction is studied by chang ing  the spacin g  
between p i l lars a n d  spatial geometry o f  t h e  arrays . 
Keyword (s) : coal m in ing ,  model i ng ,  p i l la r  
stren gth , m ine design , yield i ng  supports 
Hopkins,  M. E. Coal Geology and  Underground  
Min ing ,  I l l inois Coal Basin .  IN :  Proceedings 1 st 
Conference on G round Control Problems i n  the 
I l l i nois Coal Basin ,  August 22-24, 1 979 ,  Southern 
I l l i nois Un iversity, Carbondale,  1 980, p. 1 - 1 3 . 
Because of the relatively th ick and pers istent 
coa l  seams, resu lt ing from u n iform depositiona l  
environ ments preva i l i ng over wide areas, u n der­
ground min ing  cond itions in the I l l i no is  Coal Basin 
are genera l ly favorable for large, h igh ly productive 
mines.  A wide variety of problems, however, resu lt 
from recogn izable geologic cond itions .  Undoubtedly, 
the most important grou p of geolog ic factors 
affecting  minab i l ity relate to the n atu re of the 
stratigraph ic section over the coal and its 
amenabi l ity to roof control . S ign ificant depositiona l  
1 74 
variations involvin g  competent and non-competent 
roof strata are present on  reg iona l  and loca l  scales . 
Keyword (s) : geolog ic  features, roof stab i l ity, 
coa l m in i ng ,  floor stabi l i ty 
Location {s ) : I l l i nois, Kentucky, I nd iana ,  I l l i nois 
Coal Bas in ,  Un ited States 
House Committee on I nterior and  I nsu lar  Affa i rs .  
S u rface M in i ng  Control and  Reclamation Act of 
1 97 7 .  House Report 95-2 1 8 , Wash i ngton , D . C . ,  
1 97 7 .  
Keyword (s } :  reclamation , mitigation ,  law, coa l 
m in i ng  
Location (s) : Un ited States 
Houser, F. N .  Sequence of S u rface Movement and 
Fractu ring  Duri ng  S ink  Su bsidence, Nevada Test 
S ite . U . S .  Geological  S u rvey, Report USGS-474-56, 
1 970 .  
Keyword (s} : s u rface subsidence damage 
Location (s) : Nevada, Un ited States 
Howard,  J .  F . ,  R .  E. Wright .  Eva luation Procedu re 
of Critica l  Factors of M in i ng  Impact on G roun d  
Water Resou rces . I N :  Water Resou rces Problems 
Related to M in i ng ,  Proceedings 1 8th Symposi u m  
American Water Resources Association , 
M in n eapol is ,  Ju ne,  1 974, R . F .  Hadley and D .T .  
S n ow, eds . ,  p .  22-3 1 . 
Water resou rce problems associated with 
m i n ing  activities h ave common ly been confined 
either to the acqu is it ion or  the d isposal of water as 
needed or  as created by the min ing  process . With 
the dawn of environ mental regu lations, the inter­
action of water and  earth systems became a major 
factor for consideration i n  the environ mental i mpact 
assessment th at must be prepared to acqu i re a 
m in i ng  perm it .  
Keyword (s) : hydrology, subsurface water, coa l 
m in i ng ,  environ ment, law, govern ment 
Location (s) : Un ited States 
Howel l ,  F. T . ,  P. L .  Jenk ins . Some Aspects of the 
Su bsidences i n  the Rocksalt Districts of Chesh i re, 
Eng la n d .  I nternationa l  Association Hydrolog ica l 
Sciences Pub l ication 1 2 1 ,  1 977,  p .  507-520.  
Keyword (s) : n on-meta l m in i ng  
Location (s) : Eng land 
Howel l ,  F .  T . ,  P .  L .  Jenki ns .  Centrifuge Model l i ng  of 
Sa lt Su bsidence Features . Appl ication of Centrifuge 
Model l i ng  to Geotech n ical  Design ,  W. H.  Cra ig ,  ed . ,  
Ba lkema,  Rotterdam,  1 985 ,  p .  1 93-202 . 
Keyword (s) : model ing,  non-metal m in ing  
Howel l ,  M . ,  C .  W .  Amos . I mproved Geophysical  
Techn iques for Su rvey of D istu rbed G rou n d .  I N :  S ite 
I nvestigations in  Areas of M in ing  Su bsidence, F . G . 
Bel l ,  ed . ,  Newnes-Butterworths ,  1 975 ,  p .  1 03 - 1 08 . 
Two new tech n iques have been developed that 
appear to provide improved geophysical methods 
for locating a variety of su b-surface featu res, 
particu larly old mine workings,  f i l led quarries, 
cavities, fau lts, cu lverts, and s imi lar  phenomena .  
Keyword (s) :  su rvey methods, geophysical ,  
seism ic 
Howel l ,  R. C . ,  F. D. Wright, J .  A.  Deari nger .  
Ground Movement and Pressure Changes 
Associated with Shortwal l  M in i ng . I N :  S ite 
Characterization ,  Proceedings 1 7th U . S .  
Sympos ium o n  Rock Mechan ics, Snowbird, UT, 
August 25-27,  1 976,  W . S .  Brown,  S .J .  G reen , and  
W.A.  Hustrlu id,  eds . ,  Un ivers ity of  Utah ,  Sa lt Lake 
City, p .  4A3 1 -4A36 .  
A rock mechan ics study of a shortwal l  m in i ng  
system was conducted .  The  objective of  the  study 
was to obta in data on surface su bsidence over a 
portion of the m ined area, strata su bsidence i n  the 
mined area, and u n dergroun d  stress changes and 
displacements i n  and near  natu ral support e lements 
of the m in ing  system . The mine  was located i n  the 
moderately rough mounta inous terra in  of eastern 
Kentucky.  
Keyword {s) : rock mechan ics, shortwal l ,  g round  
control ,  i nstrumentation ,  mon itor ing methods, coal 
min ing,  survey methods, overburden 
Location (s) : Kentucky, Appalach ian Coal 
Reg ion ,  Un ited States 
Howes, M .  R . ,  M . A .  Cu lp ,  H .  G reen berg , P. E .  
VanDorpe . Underground Coal M ines of  Centervi l le ,  
Iowa , and Vicin ity .  Iowa Department of Natural 
Resou rces Open Fi le Report 86-2, 1 986,  Iowa 
Geolog ical Survey Bureau ,  I owa C ity, 9.3 p .  
Extensive u nderground min ing  occu rred i n  the 
Centervi l le  area between 1 850 and 1 97 1 . Coal 
production was exclusively from the Mystic Coa l 
Member of the Labette Sha le { Pennsylvan ian } .  Th is  
study docu ments the location and extent of aban­
doned coal  mines and known occu rrences of m ine­
related problems in the area . A map is inc luded, 
which shows the location and extent of coa l m ines 
and a compi lation of m ine-related information 
includ ing h istorical and physical data . 
Keyword (s} : coal m in ing ,  abandoned mines, 
h istorica l ,  land-use plann i ng ,  longwal l ,  room-and­
p i l la r 
Location {s) : Iowa, Un ited States 
1 7 5 
H RB-S i n ger, I n c .  Detection of Abandoned 
Undergrou n d  Coal M ines by Geophysical  Methods . 
Water Pol l ut ion Control Research Series 1 40 1 0  
E H N ,  for the Environmenta l  Protection Agency and 
the Pennsylvan i a  Department of Environ mental 
Resources, Apri l ,  1 97 1 ,  94 p .  
Acid dra inage produced by abandoned coal 
m ines contin ues to cause serious water pol lut ion 
problems .  Without knowing  the exact location of 
the concealed open ings  and the extent of the mine ,  
the app l ication of  proven abatement tech n iques is  
v i rtua l ly impossible . Dri l l i ng  is  the on ly known 
method for accu rately determ in ing  the location and 
extent of  the m ine  voids, but th is is extremely 
expensive . This project attacks the problem through 
fie ld stud ies of  the fol lowing  geophysica l methods :  
e lectrica l  res istivity, self-potentia l ,  i nfrared 
rad iometry, tota l field and  d ifferential  mag­
n etometry, seismic refraction and reflection ,  very 
low frequency electromagnetic and induced 
polarization over well docu mented drift coal m ines .  
Keyword (s} :  geophysica l ,  abandoned m ines,  
environment, coa l  min ing ,  subsurface water 
Location (s} :  Pen nsylvan ia ,  Appalach ian Coal 
Region ,  U n ited States 
H R S-Singer, I nc .  Proposed Techn iques for 
Eva luatin g  Su bsidence Risk and Plan n i ng  and 
Eng ineeri ng  Alternatives for Use by Hous ing and  
Urban  Development { H UD)  and  Local Govern ments 
(Task E } .  State Col lege, PA, Energy and Natu ral 
Resou rces Program Dept . ,  H U D  contract H-2385 ,  
Ju ne,  1 97 7 ,  1 20 p .  ( NTIS PB  8 1 - 1 00992}  
Urban areas i n  2 1  states suffer from problems 
of subsidence from underground min ing  operations .  
Other  u rban areas a long th e Atlantic and G u lf 
coasts suffer from su bsidence i n  wetlands,  and 
about 33 mi l l ion people l ive on l imestone terra ins  
that a lso may be affected by subsidence . Th is  
report d iscusses techn iques that  can  be used by 
Department of Hous ing and Urban Development and 
by local govern ment personnel to eva luate risks and 
p la n n ing  and eng ineering  a lternatives for m itigat ing 
h azards resu ltin g  from ( 1 }  land subsidence, ( 2 }  sub­
s idence occurring  i n  organ ic  wetlands and (3)  sub­
s idence i n  carbonate (karst} terra ins .  Techn iques for 
determ in ing  the l i ke l ihood and magn itude of these 
types of su bsidence are described, and various 
p la n n in g  options avai lab le at the state , reg iona l ,  and 
local level of govern ment are d iscussed . Eng ineering 
techn iques,  inC lud ing subsurface stabi l ization ,  
stab i l ization of  fou ndations,  and  special arch itec­
tu ra l  or structu ral measu res appropriate for the 
types of subsidence condit ions are exa mined . 
Appendices are i ncluded on the feas ib i l ity of 
provid ing techn ical gu idance and on representative 
costs of hazard mitigation components . 
Keyword (s) : vertical d isplacement, h orizontal 
d isplacement, law, mine design ,  backfi l l i ng ,  l and­
use plann ing ,  environment, geologic features, 
surface structu ra l damage, structural m itigation ,  
m it igation , land mit igation ,  f lu id extractio n ,  coal  
m in ing ,  eng ineering ,  government, arch itectu re, 
fou ndations, economics 
Location (s) :  Un ited States 
HRS-Singer, I n c .  Commun ity Land  S u bsidence . F ina l  
Report, U .S .  Department of  Hous ing  and  Urban 
Development, Wash ington ,  D . C . ,  Contract H-2385,  
1 97 7 .  
Keyword (s) : land-use p lan n i ng ,  government, 
envi ron ment 
Location (s) : Un ited States 
H R S-Si nger, I nc .  The Nature and  D istribution of 
Subsidence Problems Affect ing H U D  and  Urban 
Areas .  Task A, H UD Contract H-2385,  1 977 ,  1 1 3 
p .  ( NTIS PB 80- 1 7277-8)  
Keyword (s) : government, land-use p la n n in g ,  
surface su bsidence damage 
Location (s ) :  Un ited States 
Hsi ung ,  S .  M . ,  S .  S .  Peng .  Cha in  P i l lar  Des ign  for 
U . S .  Longwal l  Pane ls .  S M E-AI M E  Preprint 84-323 ,  
S M E-AI M E  Fa l l  Meeting ,  Denver, CO,  October 
24-26, 1 984, 1 8  p .  
Cha in  p i l lar  design formu la under weak roof 
cond ition was developed by statistical ly ana lyz ing  
the  resu lts from the  three-d imensiona l  fin ite e lement 
parametric ana lyses . The parameters such as 
mechan ical properties of the roof and floor strata , 
overburden depth , panel  width and length , and  coal 
strength were i ncorporated in  the form u l a .  A 
conversion formu la that transfers a rectangu la r  
cha i n  p i l lar  i nto a square cha i n  p i l lar  o f  equa l  
strength i s  proposed . The i nfluence of  h igh  i n  s itu 
horizonta l  stresses, wh ich are often encountered i n  
the  coalfield,  on  cha in  p i l l a r  stab i l ity is discussed . 
Keyword (s) :  longwal l ,  coa l m in ing ,  m ine  design , 
f in ite element, rock mechan ics, roof stab i l ity, p i l lar  
strength , geotech n ical 
Hs iung ,  S. M . ,  S. S. Peng .  Design G u idel i nes for 
M u lt iple Seam Min i ng .  Coal M in i ng ,  Part I ,  v .  24, 
no .  9 ,  September 1 987,  p .  42-46; Part I I ,  v .  24, 
no.  1 0, October 1 987,  p .  48-50.  
Causes of ground control problems i n  mu ltip le­
seam min ing  can be classified into five types . These 
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problems can n ot be e l im inated completely without 
sacrific in g  coal  reserves . Problems can be reduced, 
h owever, if the interaction effects are fu l ly u nder­
stood and  proper m in i ng  p lans are correctly 
implemented . 
Keyword (s) : mu ltip le-seam extraction ,  active 
m ines,  coa l m in i ng ,  geologic featu res, m ine  design ,  
m ine  operation , p i l lar  strength , f in ite element, 
longwa l l ,  room-an d-pi l lar, g round  control ,  
subsurface water, partia l  extraction 
Location (s ) : West Virg i n ia ,  Appalach ian coal  
Region ,  Un ited States 
Hs iung ,  S .  M . ,  S .  S .  Peng .  Control of Floor Heave 
with Proper M ine  Des ign--Th ree Case Studies . 
M in i ng  Science and  Tech nology, v .  4, 1 987,  p .  
257-272 . 
The resu lts of th ree case stud ies on the control 
of floor-heave problems a re presented . F in ite 
e lement model i ng  was employed to identify 
causes of excessive floor heave, propose remed ia l  
measures, and eva luate the effectiveness of mine  
layout design i n  contro l l i ng  floor heave . Five cha in  
p i l lar  designs  were modeled i n  th is th ird study.  
Keyword (s) : f loor stab i l ity, active m ines, m ine  
design ,  f in ite element, model i ng ,  geologic features, 
overburden , p i l lar  strength , roof stabi l ity, bumps ,  
longwal l  
Location (s ) :  Un ited States 
Hs iung ,  S .  M . ,  P. M .  Lin ,  S .  S .  Peng .  Structure and 
G round  Su rface Damages Due to Subsidence . I N :  
Proceed ings Conference on  M ine  Dra inage and  
S u rface M ine  Reclamation ,  U .S .  Bureau of  M ines I C  
9 1 84, v .  2 ,  1 988 ,  p .  3 62-37 1 .  ( NTIS P B  
90-26945 7 )  
Keyword (s) : surface structu ra l damage 
Location (s) : Un ited States 
H ubbard, J .  S .  Longwal l  Experience at the Gateway 
M ine .  M in i ng  Congress Journa l ,  v. 57 ,  no .  1 0, 
1 97 1 ,  p .  43-47 . 
The i nsta l lation of a longwal l  system in  the 
Pittsburgh  seam is described . The author states that 
when the system is specifica l ly des igned for a 
seam,  it i s  one of the safest methods of m in i ng  
coal . One  of  the  reasons for the  increased safety i s  
the  use  of  se lf-advanc ing hydrau l ic  roof supports . 
Keyword (s) : coa l m in ing ,  longwal l ,  m ine  design ,  
roof support, m i n e  safety 
Location (s) : Penn sylvan ia ,  Appa lach ian Coa l 
Reg ion , Un ited States 
Huck, P .  J . ,  Y. P .  Ch ugh ,  M .  Jen n ings .  Su bsidence 
Control in Abandoned Coa l Mines :  U . S .  Practices . 
I N :  Proceed ings,  Conference on G round  Control i n  
Room-and-Pi l lar M in i ng ,  Southern I l l i nois Un iversity, 
Carbondale,  August 6-8, 1 980, Y. P .  Ch u g h ,  ed . ,  
S M E-AI M E, New York, 1 982 ,  p .  1 5 1 - 1 54 .  
Large areas of  coal reserves in  the  Un ited 
States h ave been undermined by the room-and-p i l lar  
method during the past centu ry . These abandoned 
mines genera l ly cause su bsidence of the ground 
surface many decades after m in i ng .  The authors 
d iscuss the methods by which subsidence in aban­
doned mines may be control led, i nclud ing  po int  
support methods and areal  backfi l l in g .  
Keyword (s} : coal m in ing ,  abandoned mines,  
local backfi l l i ng ,  g routing ,  pneu matic backfi l l i ng ,  
hydrau l ic backfi l l i ng ,  room-and-p i l lar  
Location (s} : Un ited States 
Huck, P. J. Mon itoring Techn iques for B l ind 
Backfi l l i ng  - Overview. I N :  Proceed ings Nationa l  
Sympos ium and Workshops on Abandoned Mine  
Land Reclamation , Bismarck, ND,  May 2 1 -22,  
1 984, L L. Sch loesser, et  a l . ,  eds . ,  North Dakota 
Publ ic Service Commission and the Un iversity of 
North Dakota , p. 1 1 7- 1 25 .  
A variety of tech n iques and instruments may be 
used to monitor the progress of b l ind backfi l l i ng  in 
abandoned mines .  No s ing le  ideal system is 
avai lable that wi l l  f i l l  the n eeds of the variety of 
backfi l l i ng  methods used and s ite condit ions 
encou ntered . The current art is reviewed and 
cand idate systems that have potential  u n der g iven 
circumstances are identified . In many cases, a 
combination of severa l techn iques provides the 
optimum mon itor ing system .  Possib le d i rections for 
futu re development are identified . 
Keyword (s} : backfi l l i ng ,  abandoned mines, 
grouting,  pneumatic backfi l l i ng ,  hydrau l ic 
backfi l l i ng ,  instru mentation , monitor ing methods 
Huck, P .  J. Numerica l Model of Pumped S lu rry 
Backfi l l in g .  I N :  Proceed ings Nationa l  Sympos ium 
and Workshops on Abandoned Mine Land  
Reclamation, Bismarck, ND ,  May  2 1 -22,  1 9 84, LL 
Schloesser, et al . ,  eds . ,  North Dakota Publ ic  Service 
Commission and the Un iversity of North Dakota ,  p .  
1 2 6- 1 44 . 
Anomalous behavior of injection pressu res was 
observed during experimental mon itoring  of a 
pumped slu rry backfi l l i ng  operation near  Scranton ,  
Pen nsylvan ia .  Variations in the  gra in  s i ze  of  s lu rry 
solids was suspected as the cause of the 
unexpected behavior. To explore the effect of g ra in  
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size u pon deposit ion of sol ids, an exist ing model 
was mod ified to permit s imu lation of injection 
pressu re h istories and deposit depths for s lu rries 
conta in i ng  well graded gra in  size distributions .  
Keyword (s) : hydrau l ic backfi l l i ng ,  model ing ,  
backfi l l i ng  
H uck, P .  J . ,  Y .  P .  Chugh . Analysis and Process 
Mon itorin g  of Pu mped S lu rry Backf i l l ing for 
Su bsidence Contro l .  I N :  Proceed ings,  2nd 
Conference on G round Control Problems in  the 
I l l i nois Coal Bas in ,  May 1 985 ,  Y. P .  Ch ugh ,  ed . ,  
Southern I l l i no is Un ivers ity, Carbondale,  v .  2 ,  p .  
5 - 1 2 .  
A p u m ped s lu rry backfi l l i ng  process developed 
in the Un ited States h as been successfu l ly used to 
control su rface subsidence effects of undergrou nd 
m in i ng .  During  the past 5 years, the US BM has 
d i rected studies to eva luate concepts for remote 
mon itoring  of the process and model the mech­
a n isms of s lu rry deposition . Th is paper d iscusses 
process mon itoring and ana lytical model ing studies 
of the backfi l l i ng  process . The resu lts ind icate that 
process mon itorin g  of injection pressu re and flow 
rate can be very usefu l in  provid ing information on 
backfi l l  deposit geometry and mechan isms of s lu rry 
deposition . 
Keyword (s } :  hydrau l ic backfi l l i ng ,  g rou nd 
contro l ,  abandoned mines, mine waste, coal m in ing ,  
model i ng ,  computer 
Location (s) : Un ited States 
H uck, P. J . ,  S .  Bhattacharya . I nstrumentation to 
Mon itor S u bsidence Associated With H igh 
Extraction Min ing in  the I l l inois Coa l Basin . F ina l  
Report to U . S .  Bu reau of Mines, Contract 
H0256005,  Eng ineers I nternationa l ,  I nc . ,  June  
1 98 8 ,  60 p .  
Eng ineers Internationa l ,  I nc .  undertook a 
program from the US BM Twin Cities Research 
Center to select and emplace appropriate 
su bsidence instru mentation over a h igh -extraction  
m ine  pane l  selected by cooperat ing I l l i nois state 
agencies . Th is instrumentation was to provide 
subsidence data for both short-term and long-term 
su bsidence and  hydrological effects of min ing . The 
instru mentation inc luded m u lt ipoint borehole 
extensometers (M PBX),  observation wel ls,  
p iezometers, subsidence monu ments, and control 
monu ments to provide local horizontal and vertical 
control . A su ite of laboratory tests was conducted 
on specimens recovered during dri l l i ng ,  and rock 
properties data were cu l led from pu bl ished and 
Eng ineers I nternationa l  fi le data . 
Keyword (s) : instru mentation,  h igh-extraction 
retreat, mon itoring  equ ipment, mon itoring  
instal lation , mon itor ing methods, mon itori ng  design ,  
horizonta l  d isp lacement, vertical d isp lacement, 
active mines, coal m in ing ,  geotechn ica l ,  rock 
mechan ics 
Location (s) :  I l l inois, I l l i nois Coal Bas in ,  Un ited 
States 
Hucka , V. J . ,  C. K. B la ir, E. P. Kimba l l .  M ine  
Subsidence Effects on a Pressurized Natural  Gas  
Pipel i ne .  Preprint No .  83-386, for presentation at  
the SME-AI ME Fa l l  Meet ing and Exh ibit, Salt Lake 
City Utah ,  October 1 9-2 1 ,  1 983 , 1 0  p .  
A 20- inch-d iameter h igh-pressu re natural  gas 
pipel ine crosses over a coa l mine in  centra l Utah . 
The room-and-pi l lar  method with p i l lar  extraction is  
being  used to extract the coal  from the seams .  The 
p i l lars beneath the p ipel ine wi l l  not be extracted . An 
attempt has been made to pred ict subsidence in  the 
area where p i l lars may col lapse; a network of su r­
vey points has been instal led a long the p ipel i ne  to 
detect ground movements . 
Keyword {s) : uti l it ies, p ipel ines, su rvey methods, 
su rvey design ,  mu ltiple-seam extraction , p i l lar  
strength , coa l  m in ing ,  p i l lar  extraction 
Location (s) : Utah ,  Rocky Mounta i n  Coal  Region , 
Un ited States 
HUD Chal lenge . Backfi l l i ng  Abandoned Mines .  v .  4, 
no .  9, September 1 973,  p .  30 .  
Th is paper describes the use of  the Dowel l  
process at Rock Springs, WY. 
Keyword (s) :  hydrau l ic backfi l l i ng ,  abandoned 
mines 
Location (s ) :  Wyoming,  Rocky Mou nta in  Coal 
Region , Un ited States 
Hudg ings, R. A . ,  R .  M. Bennett, L. A. Sneed . 
Experi menta l  Testing  of Damage M itigation 
Techn iques .  I N :  Mine Subsidence - Pred iction and 
Control ,  National  Sympos ium,  33rd Annua l  Meetin g  
Association of Eng ineering  G eologists, October 2-3,  
1 990, C . D .  E l ifrits, ed . ,  Pittsburg h ,  PA, p .  1 73- 1 7 6 .  
Two sets of six l inear  footings are constructed 
over an advancing longwal l  panel  in southern 
I l l inois . One set is located paral lel to and d i rectly 
above the center l ine, wh i le the other set is in  the 
pred icted zone of maximum tension . Each set 
conta ins  a p la in concrete control footing ,  footin gs 
with plastic-sand and plastic interface, and  a 
reinforced concrete, post-tensioned concrete , and 
steel fiber reinforced concrete footing . Th is  paper 
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describes the prel im inary ana lysis and construction 
of the test fou ndations .  
Keyword (s ) :  foundations,  active mines, 
longwa l l ,  instru mentation , eng ineering,  surface 
structu ral damage, mon itoring  methods, mon itoring 
equ ipment, structural m itigation 
Location (s) : I l l inois, I l l ino is Coal Basi n ,  Un ited 
States 
H udspeth , H .  M . ,  D. W. Ph i l l ips . Forces Induced by 
the Extraction of Coal and Some of Their Effects on 
Coal -Measure Strata . Transactions,  I nstitute of 
M in i ng  Eng ineers ,  v. 85 ,  1 932-33, p .  37-57,  
1 86- 1 90 .  
This paper describes general a n d  mathematical 
considerations of fractu res forming  in coa l measure 
strata . Resu lts are g iven of experiments with 
models . 
Keyword {s) : overburden , model i ng ,  coal m in ing  
Hudspeth ,  H .  M .  G round Movement in Advance of 
Longwa l l s .  I ron and Coa l Trades Review, v. 1 26,  
1 933,  p .  1 -3 .  
Roadways were driven i n  the coal i n  advance 
of the working  faces of two mines .  Telescoping 
measuring  rods were used to record raise in  floor 
and convergence of roof . 
Keyword (s ) :  longwa l l ,  mon itoring equ ipment, 
coa l m in i ng ,  floor stabj l ity, roof stabi l ity 
H udspeth,  H .  M . ,  D .  W. Ph i l l ips, A. Walker.  North 
of Eng land I nstitute of M in ing  and Mechan ical 
Eng ineers ' Support of Workings i n  M ines 
Committee--Fou rth Progress Report .  Transactions, 
I nstitute of M in ing  Eng ineers ,  v. 9 1 ,  1 935-36,  p .  
349-3 6 7 .  
T h i s  paper d iscusses t h e  effects of depth , 
width of working ,  strength of roof, sides, and/or 
floor on roof fa l ls . 
Keyword (s ) :  roof stab i l ity, room-and-pi l lar, floor 
stab i l ity 
Location (s ) :  Eng land 
Huff, L .  L . ,  G .  Jarrel l ,  S .  Jarrel l .  Assessment of 
Futu re Economic Tradeoffs Between Coal M in ing  
and Agricu ltu re . I l l i nois Department of Energy and  
Natural Resou rces Doc .  No .  8 1 /29 ,  Ju ly 1 98 2 ,  
Project No .  80 .2 1 4, S prin gfie ld,  I L, 406 p .  
I l l i no is i s  a state with substantial  energy 
reserves in the form of coal and is  a leader in 
agricu ltu ra l  output.  Of the 24.4 mi l l ion acres 
'ava i lab le as the cropland base, approximately 80% 
( 1 9 . 1  m i l l ion acres} is considered prime farmland . 
Coal m in ing  in I l l inois has occu rred s ince the 1 860s 
and wi l l  continue in the futu re because of the vast 
quantity of reserves rema in i ng .  This report 
d iscusses the reserves and potentia l  of both surface 
coa l min ing and prime agricu ltu ral lan d .  I t  goes on 
to ana lyze the potential  confl ict between these two 
activities in the futu re, as well as the envi ron menta l  
and economic impact of  each . 
Keyword (s) :  coa l m in ing ,  agricu ltu re, 
economics, environment, land-use plann ing ,  
reclamation,  surface water, subsurface water, 
government, law, land va l ues 
Location (s) : I l l i nois,  I l l i nois Coa l Bas in ,  Un ited 
States 
Hughes, R. E. The Use of Ordnance Su rvey Bench 
Marks for  the Study of  Large-Scale Min ing 
Subsidence . IN :  G round Movements and Structu res, 
Proceed ings 2nd I nternationa l  Conference, 
Un iversity of Wales I nstitute of Science and 
Technology, Card iff, 1 980, J . D . Geddes, ed . ,  Joh n 
Wi ley & Sons, New York, 1 98 1 ,  p .  1 85-205 . 
To demonstrate the methods of bench mark 
su rveys, the va lue of their readings,  and their  
l im itations, five case h istories are presented . The 
case h istories were chosen to demonstrate the u se 
and shortcomings of such surveys . Case h istory .1 
records an investigation where d ifferent amou nts 
and rates of min ing  subsidence can be seen around  
the town center.  Case h istory 2 demonstrates the 
relationsh ip  of surface settlement patterns and 
geology/min ing features . Case h istory 3 shows the 
d ifficu lty of us ing such su rveys in  ru ra l  areas, and 
case h istory 4 shows that the Ordnance Su rvey 
information can be wrong . Case h istory 5 i l l ustrates 
how bench mark information,  post dating the 
su bsidence, can be mislead ing . 
Keyword (s } :  mon itor ing methods, mon itori ng  
des ign ,  su rvey methods, su rvey design ,  su rvey data 
processing 
Location (s} : Un ited Kingdom 
Hu nt, S. R. ,  C .  G. Treworgy . Geologic Constraints 
on  the Min ing  of Sha l low Coals in I l l i no is .  S M E-
Ai ME, St. Lou is ,  October, 1 97 7 .  
Keyword (s) :  geologic featu res, coal m in ing  
Location (s) : I l l inois, I l l i nois Coa l Basin , Un ited 
States 
Hunt, S. R. Characterization of Subsidence Profi les 
Over Room-and-Pi l lar  Coal Mines in I l l i no is .  I N :  
Proceed ings,  I l l i nois M in ing  I nstitute, October 
1 9-20, 1 978 ,  p. 50-66.  
Th is paper summarizes some pre l im inary resu lts 
of cu rrent ISGS investigations into surface 
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su bsidence resu lti ng from coa l m in ing  in I l l i nois . The 
pu rpose of the study is  to characterize the vertica l 
movements that may result from various types of 
u nderground  coa l m in i ng .  The fi nd ings of th is study, 
based on m in ing  operations in  a variety of geologic 
setti ngs,  del ineate the magn itude, shape, and 
position of the su bsidence profi le .  Comparisons of 
case h istories of su bsidence are based pr imari ly on 
the extraction ratio and the general geometry of the 
mine (depth , panel  width , and min ing  height) . 
Keyword (s ) :  vertical d isplacement, coal m in ing ,  
geologic featu res, room-and-pi l lar ,  h igh -extraction 
retreat, longwal l  
Location (s) : I l l i nois,  I l l ino is Coa l  Basin , Un ited 
States 
Hu nt, S .  R. Characterization of Subsidence Profi les 
Over Room-and-Pi l l a r  Coa l M ines In I l l i nois . 
Presented at Society of M in ing  Eng ineers of AI M E  
An n ual  Meeting ,  New Orleans, LA ,  Febru ary 1 8-22,  
1 979 ,  S M E-AI M E  Preprint 79- 1 26,  1 5  p .  
Keyword (s) : room-and-pi l lar, coa l min ing 
Location (s ) :  I l l i nois,  I l l i nois Coa l  Basin ,  Un ited 
States 
H unt, S .  R. Characterization of Subsidence Profi les 
Over Room-and-Pi l l a r  Coa l M ines in I l l i no is .  I l l inois 
State Geological  Su rvey Reprint 1 979F ,  1 979 ,  
repri nted from Proceed ings of  I l l i nois M in ing  
I nstitute, 86th Annua l  Meeting,  p .  50-65 . 
Th is paper summarizes some prel im inary resu lts 
of ISGS i nvestigations into su rface subsidence 
resu lt ing from coa l m in ing  in  I l l i no is .  The pu rpose of 
the study is to characterize the vertica l movements 
that may resu lt  from various types of underground 
coal  m in in g .  The fi nd ings of th is study, based on 
m in i ng  operations in  a variety of geologic settings, 
de l ineate the magn itude, sh ape, and position of the 
subsidence profi le .  Comparisons of case h istories of 
su bsidence are based primari ly on the extraction 
ratio and the general geometry of the mine (depth ,  
panel width , and min ing  he ight . } 
Keyword (s) :  coal m in ing ,  geologic featu res, 
active m ines, abandoned mines 
Location (s) : I l l ino is, I l l ino is Coal Basin,  Un ited 
States 
Hu nt, S .  R .  Su rface S u bsidence Due to Coal M in ing  
in  I l l i no is .  Ph . D .  Dissertation, Un ivers ity of I l l inois, 
Urbana ,  1 980, 1 29 p .  
S u bsidence o f  t h e  l a n d  surface has been 
associated with coa l m in ing  in I l l i nois s ince the early 
days of the industry . I l l i nois Su preme Cou rt ru l ings 
dating from 1 880 testify to the extent of the 
concern . However, over the years there has been 
very l ittle scientific or eng ineering  documentation of 
su bsidence in  I l l i no is .  In Europe, on the other hand ,  
knowledge of  coal mine su bsidence h as progressed 
to a fa i rly advanced state, for longwa l l  m in ing  in 
particu lar .  This study began in 1 975 as a resu lt of 
an investigation of roof problems in  I l l i nois coal  
mines.  At that t ime, inqu i ries about subsidence i n  , 
I l l i nois lead to the rea l ization that the l iteratu re on ly 
covered longwal l  m in ing ,  wh ich was not practiced 
in I l l ino is .  In addition ,  there was virtua l ly no  docu­
mentation of su bsidence events with i n  I l l i no is .  
Th us, comparison of  subsidence occu rrences either 
with in I l l i no is or between I l l inois and other m in i ng  
districts was impossible . Th is  study was  based on a 
need to document subsidence in I l l ino is ,  to identify 
the conditions caus ing subsidence, and to establ ish 
a basis of characteri z ing  the subsidence that h as 
taken place. The investigation was pr imari ly a f ie ld 
study of su bsidence development. 
Keyword (s) :  coa l m in ing ,  longwal l ,  room..:and­
p i l lar, Nationa l  Coa l Board, vertical d isp lacement, 
geologic features, active mines,  abandoned m ines ,  
overburden,  soi ls, ang l e  o f  draw, l iteratu re search ,  
h igh -extraction retreat, roof support, p i l lar  strength ,  
floor stabi l ity, roof stabi l ity 
Location (s) : I l l i nois, I l l ino is Coa l Bas in ,  Eng land,  
United States 
Hu nt, S .  R . ,  R. A. Bauer, P. B.  Du Montel le .  S u rface 
Su bsidence Due to Coal M in ing  in the I l l i nois Coal 
Basin . U .S . DO E Contract F ina l  Report, Contract 
No . ET-78-G-0 1 -3085 ,  February 23 ,  1 98 1 , by 
I l l inois State Geological Survey .  
The pr incipal  goals of  the  study were to 
document su bsidence case h istories in  terms of the 
mode, magnitude, and area l  d istribution of 
su bsidence movements; identify geologic condit ions 
and min ing practices in  I l l i nois and their  influence 
on su bsidence; characterize su bsidence profi les for 
various methods of min ing  in I l l i nois;  produce a data 
retrieva l system for coal mine and su bsidence 
information and case h istories in I l l i nois; and 
investigate the coord ination of land use and various  
underground m in ing  methods .  
Keyword (s) :  coal m in ing ,  abandoned mines,  
geolog ic featu res, surface structu ral damage 
Location (s) :  I l l inois,  I l l i nois Coa l  Bas in ,  Un ited 
States 
Hu nter, J. Pneu matic Stowing  at Bu l lcroft Main  
Col l iery . Transactions I nstitution of  M in ing  
Eng ineers, v .  1 05 ,  1 945-46, p .  1 1 1 . 
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This paper reviews packin g  of mined out areas 
in the subject m ine  prior to pneumatic backfi l l i ng; it 
a lso deta i ls  backfi l l i ng  devices and methods . 
Keyword (s) :  pneu matic backfi l l i ng 
Hunter, R .  Longwa l l  M in i ng .  I N :  Proceedings, 1 st 
Nationa l  Coal Association/Bituminous Coal Research 
Sympos ium on M in ing  Methods, Harrogate, October 
3 0-November 1 ,  1 974, p. 57-64 . 
Keyword (s) : m ine design , ground contro l ,  
longwal l ,  roof stabi l ity, roof support, coa l min ing 
Location (s) : Un ited Kingdom 
H u rst, G .  Avoid ing  S ubsidence Effects in  S u rface 
Bu i ld ings .  Col l iery Eng ineering ,  v. 25, n o .  29 1 ,  May 
1 948,  p. 1 5 8- 1 63; v .  25 ,  n o .  292 ,  June  1 948, p .  
1 94- 1 98 ;  v .  25 ,  n o .  2 9 3 ,  J u ly 1 948, p .  230-234. 
The author describes the effects of subsidence 
on su rface structu res with particu lar  emphasis on 
tens iona l  and compressiona l  forces . Various types 
of bu i ld ings constructed to combat the effects of 
subsidence a re d iscussed in deta i l .  
Keyword (s) :  su rface structu ral damage, 
fou ndations, eng ineering ,  construction , 
arch itectu re, structu ral m itigation 
H u rst, G .  Protection of the Su rface in  M in ing  Areas . 
Col l iery Eng ineeri ng ,  v .  25 ,  no .  287 ,  January 1 948, 
p. 1 4-22;  v .  25, no. 2 8 8 ,  February 1 948 , p. 43-46 . 
Keyword (s) : su rface subsidence damage, 
g round  control 
H u rst, G .  Th e Lorra ine Coalfield . Col l iery 
Eng ineering ,  v .  35 ,  September 1 958 ,  p .  374-38 1 ;  
v .  35 ,  October 1 958 ,  p .  445-450 .  
Th i s  paper d iscusses the  working of  a nearly 
vertica l  coal seam in a French coalfie ld that 
mainta ined one of the h ighest production rates in 
Eu rope at the time .  The system employed stope 
caving  with hydrau l ic  sand fi l l in g .  
Keyword (s) : hydrau l ic backfi l l i ng ,  coa l m in ing  
Location (s) : France 
H u rst, G . ,  F. Owen,  C. Bayrac . Some Observations 
on the Behavior of a Large School S u bject to M in ing 
S u bsidence . Col l iery Eng ineering ,  v . 43 , Ju ly, 1 966, 
p. 295-30 1 ,  and August 1 966, p. 343-350.  
This paper describes a study of subsidence 
damage to a school underla in by l imestone, which 
in  tu rn was u nderla in  by mine workings of two 
seams .  The foundation of the school was 
constructed specia l ly to guard against su bsidence 
effects, but it was sti l l  damaged extensively.  
Keyword (s) : su rface structu ra l damage, 
mu ltip le-seam extraction ,  fou n dations,  arch itectu re, 
structu ra l m itigation 
Location (s) : Eng land 
Hu rst, R .  E . ,  L .  D .  Boughton . S u bsidence Control-­
Backfi l l i ng of Waterfi l led Mines .  I N :  Proceed ings 
Envi ron mental Qual ity Conference, Wash i ngton , 
D . C . ,  June  7-9, 1 97 1 ,  S M E-AI M E, Littleton ,  CO,  p .  
1 29- 1 36 .  
Keyword (s) :  backfi l l i ng  
Location (s) :  Un ited States 
Hu rst, R .  E .  Statement Before the U . S .  Senate 
Interior Committee on Minera ls, Materia ls ,  and 
Fue ls .  December 2 ,  1 97 1 . 
The author compared control led and b l ind 
backfi l l i ng  with the Dowel l  process . 
Keyword (s) : hydrau l ic backfi l l i ng  
Location (s) : Un ited States 
Hustru l id,  W. A. A Review of Coal P i l lar  Strength 
Formu las .  Rock Mechan ics, v .  8, 1 976,  p .  
1 1 5- 1 45 .  
Keyword (s) : p i l lar  strength , g round  control ,  rock 
mechan ics, coa l m in ing  
Hutch ings,  R . ,  M.  Fajd iga,  D .  Ra isbeck. The Effects 
of Large G rou nd Movements Resu lt ing from Brown 
Coal Open-Cut Excavations in  the Latrobe Val ley, 
Victoria . I N :  La rge G round  Movements and 
Structu res, Proceed ings I n ternationa l  Conference, 
Un iversity of Wa les I nstitute of Science and 
Technology, Card iff, 1 977,  J . D .  Geddes, ed . ,  Joh n 
Wi ley & Sons, New York, 1 978 ,  p .  1 36- 1 6 1 . 
Large earth movements accompan ied the 
development of brown coal open cut excavations in  
the Latrobe Val ley, Victori a .  These movements 
became widespread over an area exceeding  1 00 
square km since the late 1 960s . The main  reg iona l  
movement was subsidence caused by dewater ing 
associated with coal win n i n g .  Other factors con­
tributing  to the observed earth movements inc luded 
pressure rel ief, geometry of the open cuts, geolog ic 
structu re of the coa l deposits, lowering of the free 
groundwater table close to the open cuts, and 
water pressu res in  tension cracks in itiating  block 
movements of coal on clay layers . 
Keyword (s ) :  g round contro l ,  subsurface 
subsidence damage, surface su bsidence damage, 
coa l min ing,  geologic featu res, subsurface water 
Location (s) :  Austra l ia  
1 8 1  
Hyett, A .  J . ,  J .  A .  Hudson . I n  Situ Stress for 
Underground  Excavation Design in  a Natura l ly 
F ractured Rock Mass . I N :  Rock Mechan ics as a 
G u ide for Effic ient Uti l ization of Natura l  Resources, 
Proceedings 3 0th U . S .  Symposium,  1 989 ,  A .W.  
Kha ir ,  ed . ,  Ba l kema,  Rotterdam,  p .  293-300 . 
Th is paper d iscusses the contribution of items 
related to d iscontin u ities to the tota l stress 
variab i l ity of a moderately fractu red rock mass . 
Keyword (s ) :  m ine  design , rock mechan ics, 
geologic featu res 
Hylbert, D. K. Developing Geological Structu ra l 
Cr iteria for Predicti ng  Unstable Mine Roof Rocks . 
Appa lach ian Coal M in ing  I nstitute, Morehead State 
Un ivers ity, Contract HO 1 330 1 8, U .S . Bureau of 
M ines O F R  9-78 ,  1 977,  249 p. (NTIS PB 
276-735/AS ) 
Keyword (s ) :  roof stabi l ity, coa l m in ing ,  geologic 
features 
Location (s) : Un ited States 
Hylbert, P. K .  The Classification , Eva luation ,  and 
Projection of Coa l  Mine Roofs in  Advance of 
M in i ng . Min ing  Eng ineering ,  December, 1 978 ,  v .  
30, p .  1 667- 1 676 .  
Keyword (s) :  roof stabi l ity, coal m in ing  
Hynes, J .  L .  Tri-Towns Su bsidence I nvestigation , 
Weld County, Colorado:  A Commun ity-wide 
Approach to Hazard Evaluation and Land Use in 
Undermined Areas .  Colorado Geological Su rvey 
O pen F i le  Report 87-3 ,  for D ivision of Mined Land  
Reclamation , I nactive Mine  Program,  Department of 
Natu ra l Resou rces, Denver, CO, 1 984.  
Th is  study was undertaken for  two princ ipa l  
reasons .  The fi rst was a response to requests by 
local governments to provide them with some 
usable data to g u ide them in  futu re land-use 
decis ions in the extens ively u ndermined tracts 
with in  their  ju risd ictions .  The second was to use 
the opportun ity to test and eva luate various ideas 
and theories cu rrently used in  data acqu isition and 
ana lysis of  u n dermined areas, in a sense, to 
perform a prototype study on which fu rther 
i nvestigations could rely as a model or gu ide .  
Keyword (s) :  abandoned mines, coa l m in ing ,  
l and-use p la n n ing ,  reclamation ,  land m itigation , 
su rface structu ral damage, geologic features, 
p rediction 
Keyword (s) : Colorado, Rocky Mou nta in  Coa l 
Region , Un ited States 
Hynes, J .  L. Essentia l  Components of a M ine  
Subsidence Investigation . IN :  Proceedings 
Conference on Coa l Mine S u bsidence in  the Rocky 
Mou nta in  Region,  Colorado S prings,  October 28-30, 
1 985 ,  J . L . Hynes,  ed . ,  Colorado Geological  Su rvey 
Special  Pu bl ication 3 1 ,  Department of Natu ral 
Resou rces, Denver, 1 98 6, p. 8 1 -8 6 .  
Many factors affect the rel iab i l ity, accuracy, 
and usefu lness of the resu lts of a su bsiden ce 
investigation above abandoned mines .  With in  
control of  the investigator are several organ izationa l  
and data acqu isition requ i rements which are crit ical 
to the success of the study, inc lud ing mapp ing,  
dri l l i ng ,  down-hole geophysics, sampl i ng  and 
testing,  a site survey, and s ite eva luation . 
Keyword (s) : abandoned mines, mon itorin g  
methods, survey methods, geophysical ,  surface 
structura l  damage, model i ng ,  prediction ,  lab testin g  
Location (s ) :  Colorado, Rocky Mou nta in  Coal 
Region , Un ited States 
Hynes, J .  L . ,  ed . Proceedings of the 1 98 5  
Conference o n  Coal Mine Subsidence in  t h e  Rocky 
1 8 2 
Mou nta in  Region . Colorado G eological Survey 
S pecia l  Pu bl ication 3 1 ,  Department of Natural 
Resources, Denver, CO, 1 98 6 .  
I mpacts o f  subsidence are especia l ly s ign ificant 
in  the Rocky Mounta in  West where popu lation 
g rowth and rapid commun ity expansion have in­
creased development pressu re on s ign ificant areas 
of su bsidence-prone g roun d .  The present con­
seq uences of u n recogn ized and poorly managed 
subsidence h azards are much more serious in  the 
e merg ing  u rban and subu rban environ ment than 
they were in  the past where they occurred pr imari ly 
in  agricu ltu ra l lands .  
Keyword (s ) :  reclamation , abandoned mines, 
h istorica l ,  mine f ires, surface structu ral damage, 
remote sens ing,  photography, backfi l l i ng ,  g routing ,  
hydra u l ic backfi l l i ng ,  model ing,  prediction,  room­
and-p i l lar, mon itori ng  design ,  structu ra l  m itigation ,  
l and  mitigation,  arch itecture, ground contro l ,  land­
u se p lann i ng ,  i nsurance, coal  m in ing  
Location (s ) :  Rocky Mounta in  Coa l  Region , 
Colorado, Wyoming,  Un ited States 
IAHS-A IHS . Land Subsidence--Affa issement du  Sol . 
Proceed ings I nternationa l  Sympos ium,  September 
1 4- 1 8 , 1 969,  Tokyo, IAHS Publ ications No. 8 8  and 
No .  89 .  
IAS H-AI HS . Land Subsidence Symposiu m .  Pro­
ceed ings, 2nd I nternationa l  Sympos ium on Land  
Su bsidence, Anahe im,  CA, December, 1 97 6, IAS H­
A I HS Publ ication No .  1 2 1 ,  1 97 7 .  
lannacch ione, A .  T .  Behavior of a Coal P i llar  Prone 
to Bu rst in  the Southern Appalach ian Bas in of the 
U .S . I N :  Proceedings,  2nd I nternationa l  Sympos ium 
of Rockbu rst and Seismicity in  M ines, M innea pol is ,  
MN,  1 988 ,  p .  427-43 9 .  
Keyword (s) :  p i l lar  strength , bumps ,  coa l m in ing  
Location (s) : Appalach ian Coa l  Region , Un ited 
States 
lannacchione, A. T. Nu merical S imu lation of Coal 
Pi l lar Loading with the Aid of a Stra in -Soften ing  
Fin ite Difference Model . I N :  Rock Mechan ics as a 
Gu ide for Efficient Uti l ization of Natu ra l Resources, 
Proceedings 30th U . S .  Sympos ium,  A.W. Kha ir, 
ed . ,  1 989 ,  Ba lkema, Rotterdam, p. 775-782 . 
N umerical s imu lation of coal p i l lar  load ing  has  
traditiona l ly been a d ifficu lt task  because of  the  
un ique and h igh ly variable properties of  coal and  the 
inabi l ity of n umerical procedu res to du pl icate these 
properties . This s imu lation was based u pon materia l  
properties developed from laboratory tests of  coal 
cu bes and examined aga inst coal pi l lar strength 
data developed from actua l  u ndergrou nd measu re­
ments . The coa l cube measurements i nd icated the 
coal fol lowed a non l inear Mohr-Cou lomb fa i l u re 
criterion . The in situ measurements showed that a 
p i l lar  yield zone developed s imi lar  to Wi lson ' s  
hypothesis a n d ,  a t  h igh  confinements, t h e  p i l lar  
core seemed to fo l low a psuedo-ducti le behavior.  
The stra in-soften ing  model s imu lated coal cube and 
pi l lar behavior at moderate load conditions .  How­
ever, at h igh  loads the models were inaccu rate, due  
to  an inadequate fa i l u re mechan ism and/or to 
changes in the p i l l a r  constra ints at the coa lbed 
interface .  
Keyword{s) : coa l  m in ing ,  model i ng ,  p i l l a r  
strength , rock mechan ics, lab testing ,  in  s itu 
testing,  longwal l  
Location (s ) :  Un ited States 
lannacchione, A. T. The Effects of Roof and F loor 
Interface S l ip  on Coa l P i l lar  Behavior.  I N :  Rock 
Mech an ics Contributions and Cha l lenges,  
Proceedings of  the 3 1 st U .S .  Rock Mechan ics 
1 8 3 
Sympos ium,  June  1 8-20, 1 990W .A .  Hustru l id and 
G .A .  Johnson ,  eds . ,  Golden, CO, Ba lkema, 
Rotterdam , p.  1 53- 1 60.  
Th is paper discusses the importance of an inter­
face s l ip  mechan ism between the coalbed and the 
su rrou nd ing  strata in  contro l l ing the extent and pat­
tern of stresses and deformations in a coal p i l lar .  
Keyword (s ) : coa l  min ing,  p i l lar  strength , rock 
mechan ics,- overburden , model i ng ,  geologic features 
l l ij n ,  A. S .  Earth Su rface Subsidence at the Areas of 
Gas and  O i l  Pu mping O ut .  I N :  Proceedings, 2nd 
I nternationa l  Sympos ium on Land Subsidence, 
Anahe im,  CA, 1 977 ,  I nternationa l  Association 
Hydrolog ica l Sciences Publ ication,  v .  1 2 1 .  
Keyword (s) :  flu id  extraction,  oi l  extraction 
I l l i nois Abandoned Mined Lands Reclamation 
Counci l .  Progress Report, 1 979/ 1 980.  Abandoned 
M ined Lands Reclamation Counci l ,  Springfie ld,  I L, 
1 980,  7 7  p .  
I n  the 2 years covered by th is report, the A M L  
Reclamation Cou nci l  u n dertook 33 reclamation 
projects th roughout the state . N ine of those were 
emergencies related to abandoned mines .  
Keyword (s) :  abandoned mines,  coal m in ing ,  
reclamation ,  structura l m itigation,  l and  mitigation,  
su rface structural damage,  law 
Location (s) : I l l inois,  I l l ino is Coal Basin ,  Un ited 
States 
I l l i nois Abandoned M ined Lands Reclamation 
Coun ci l .  Quarterly Progress Report, January 1 -
March 3 1 ,  1 98 1 . Abandoned Mined Lands 
Reclamation Counc i l ,  Springfie ld, I L, Apri l  30, 
1 98 1 , 49 p .  
Keyword (s) : abandoned mines, structural 
m it igation ,  land m itigation,  reclamation 
Location (s) : I l l i nois,  I l l i nois Coa l Bas in ,  Un ited 
States 
I l l i nois A bandoned Mined Lands Reclamation 
Counc i l .  Quarterly Progress Report, Apri l 1 to June  
30,  1 98 1 . Abandoned Mined Lands Reclamation 
Cou nc i l ,  S prin gf ie ld,  I L, 1 98 1 ,  35  p. 
Th is report summarizes activities in  the areas of 
design and reclamation , subsidence, and admin istra­
tion and  pla n n ing for the quarter .  
Keyword (s) : abandoned mines, reclamation,  
coal  min ing,  surface structu ral damage, structu ral 
m itigation ,  land m itigation 
Location (s ) :  I l l i nois, I l l inois Coal Bas in,  Un ited 
States 
I l l i nois Abandoned Mined Lands Reclamation 
Cou nci l .  I l l i nois State Reclamation Plan for 
Abandoned Mined Lands .  Abandoned M ined Lands 
Reclamation Counc i l ,  Springfield, I L, J u ly, 1 980, 
revised January 1 982;  supplementary resou rce 
document by Southern I l l i nois Un iversity 
Cooperative Wi ld l ife Research Laboratory, 
Carbondale (2 volumes) . 
Section 405 of P . L. 95-87 and the respective 
Federal Ru les identified 1 8  key elements that m ust 
be addressed in  a State Reclamation  Pla n .  The 
I l l i nois AML Reclamation Cou nci l  addressed these 
elements in  1 8  separate sections conta ined i n  th is  
volume .  
Keyword (s) :  abandoned m ines,  coa l  m in ing ,  
reclamation,  structura l m itigation , land mitigation 
Location (s) : I l l i nois, I l l i nois Coal Bas in ,  Un ited 
States 
I l l i nois Abandoned Mined Lands Reclamation 
Cou nci l . Mine Su bsidence Report, Our Lord ' s  
Lutheran  Church , Col l insvi l le,  I l l i no is .  Abandoned 
Mined Lands Reclamation Cou nc i l ,  Spri ngf ie ld,  I L, 
1 982 ,  42 p .  
Data presented i n  th is techn ical  report are 
i ntended to describe the existi ng  site condition s  at 
a ch u rch that has been stabi l ized s ince an i n it ia l  
subsidence event in  1 97 8 .  The specific methods of 
structural repa i r  are being  developed by an  arch itect 
for the ch u rch . During  the cou rse of th is  study, 
data were provided by the AML Reclamation 
Counci l  to the arch itect to assist development of 
plans and specifications for the necessary repa i r  
work . 
Keyword (s) : abandoned mines,  coa l m in i ng ,  
structural m itigation , surface structu ral damage, 
arch itectu re,  construction , geologic featu res 
Location (s) : I l l i nois,  I l l i nois Coal Basin ,  Un ited 
States 
I l l inois Abandoned Mined Lands Reclamation 
Counc i l .  Quarterly Progress Report, Apri l  1 to J u n e  
30, 1 983 . Abandoned Mined Lands Reclamation 
Cou nci l ,  Spri ngfield,  I L, 1 983,  68 p .  
Th is report summarizes design a n d  reclamation ,  
subsidence and emergencies, and plann i ng  activities 
for the designated time period . 
Keyword (s ) :  reclamation,  abandoned m ines,  
coal m in ing ,  surface structu ral damage,  land 
mitigation 
Location (s) : I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
1 84 
I l l i nois Abandoned Mined Lands Reclamation 
Cou nc i l . Quarterly Progress Report, Ju ly 1 th rough 
September 30, 1 98 3 .  Abandoned Mined Lands 
Reclamation Cou nc i l ,  S pringfie ld,  I L, 1 983,  72  p .  
Th is report summarizes activities in  the areas 
of design and reclamation , i nc lud ing  construction 
g rants, su bsidence and emergencies, and p la n n ing . 
The S u bsidence Response Team responded to 1 4  
i nqu i ries involving potentia l  subsidence and  emer­
gency situations; on ly fou r  were actual ly subsi­
dence related, and one qua l ified for emergency 
abatement.  
Keyword (s) : abandoned mines,  coa l m in i ng ,  
structu ra l m itigation ,  land mitigation ,  reclamation 
Location (s) : I l l i no is,  I l l i nois Coal Basi n ,  Un ited 
States 
I l l i nois Abandoned M ined Lands Reclamation 
Counci l .  A Homeowner 1s  G u ide to Mine Su bsidence 
i n  I l l i nois . State of I l l i nois, Apri l ,  1 99 2 .  
Th is broch u re describes sag-type subsidence 
and  the services provided by the Abandoned M ined 
Lan ds Reclamation Cou nci l  and the I l l i nois Mine  
Su bsidence I nsurance Fund .  It is  intended to  pro­
vide the homeowner with sufficient d i rection and  
background  information to  serve as a starting  point 
i n  making future decisions .  
Keyword (s) : abandoned m ines, coal m in ing ,  
su rface structura l  damage, i nsurance, structu ral 
m it igation 
Location (s) : I l l i nois,  I l l i nois Coal Bas in ,  Un ited 
States 
I l l i no is Department of M ines and  Minera ls .  The 
S u rface Coa l M in i ng  Land Conservation and  
Reclamation Act . PA 8 1 - 1 0 1 5, Amendment No .  3 ,  
I l l i no is Reg ister, 1 98 2 .  
Keyword (s) :  law, govern ment, reclamation ,  
environ ment, coa l min ing 
Location (s) : I l l i nois, I l l inois Coa l  Bas in ,  Un ited 
States 
I l l i nois Department of Mines and Minera ls . The 
S u rface Coal M in i ng  Land Conservation and 
Reclamation Act, June 1 ,  1 980. Land  Reclamation 
Divis ion ,  Spr ingfield ,  I L, 1 983,  40 p .  
Section 4 .02 g ives a brief description o f  the 
mine  operator 1 s  responsib i l ities for the treatment of 
subsidence resu lt ing  from u n derground min ing i n  
I l l i nois . 
Keyword (s) : law, mine  operation , coa l min i ng  
Location (s ) :  I l l i no is, I l l i nois Coal Bas in ,  Un ited 
States 
I l l ino is Department of Mines and Minera ls .  Citizen ' s  
Gu ide t o  Coal Min ing  a n d  Reclamation in I l l i no is .  
Land Reclamation Division , S pr ingfield ,  I L, 1 985 ,  
43  p .  
Keyword(s) : coal m in i ng ,  active m ines, 
reclamation ,  structu ral m itigation , land m it igation ,  
law 
· 
Location (s) :  I l l i nois, I l l i nois Coal Basin , Un ited 
States 
I l l i nois House Executive S u bcommittee on Mine  
Subsidence . Research Report and Recommen­
dations .  I l l i nois Legislative Cou nc i l ,  November 29 ,  
1 976,  37 p .  
This report presents an overview o f  I l l i nois 
subsidence problems and coal m in ing  h istory, and 
recommends options to  protect homeowners from 
catastrophic damag e .  
Keyword (s) : government, law, coa l m in i ng ,  
surface structu ra l damage, insurance, abandoned 
mines,  land-use p lan n ing ,  active m ines 
Location (s) : I l l inois, I l l inois Coa l Basin ,  Un ited 
States 
I l l i nois Mine Su bsidence I nsurance F u n d .  Ann u a l 
Report, 1 98 6 .  I l l ino is Mine Subsidence I nsu rance 
Fund,  Ch icago, I L, 1 987 ,  1 2  p .  
I n  I l l inois, insurance against t h e  damage caused 
to homes and other structu res by the col lapse of 
underground mines is hand led by the state ' s  .private 
insurance industry, accord ing  to gu idel ines 
establ ished by the leg islature .  
Keyword (s) :  i nsurance, coal m in ing ,  surface 
structu ra l  damage, abandoned mines,  active m ines 
Location (s} : I l l i nois, I l l i nois Coal Basi n ,  Un ited 
States 
I l l i nois State Geological Su rvey, Department of 
Min ing Eng ineering ,  Un iversity of I l l i nois,  U . S .  
Bureau of Mines .  Pre l iminary Report o n  Organ ization 
and Meth od of I nvestigations .  I l l i nois State 
Geolog ical Survey, Min ing  I nvestigation Bu l let in, 1 ,  
1 9 1 3,  7 1 p .  
The 47th I l l i no is Genera l Assembly a n d  the 
Secretary of the Department of the I nterior author­
ized an investigation of coa l m in ing  under a 
cooperative agreement between the ISGS,  
Un iversity of  I l l inois M in ing  Department, and US BM . 
It was bel ieved that more efficient m in ing  methods 
Wou ld save a large portion of the coa l resources of 
the state, cut down on the rate of deaths and ac­
cidents, and make for safer m in ing  investments .  
The bu l letins  that fol lowed described the resou rces 
and min ing  practices th roughout the state . 
Keyword (s ) :  coa l m in ing ,  h istorical 
Location (s ) :  I l l inois, I l l i nois Coal Basin ,  Un ited 
States 
I l l i nois State G eological  Survey . Research Needs of 
I l l i nois ' Coal I n dustry . I l l i no is  State Geological 
S u rvey, M in i ng  I nvestigation Bu l letin 33,  1 930, 
89 p .  
Th is report conta ins seven papers presented at 
a sympos ium at the Quarter Centen n ia l  of the ISGS .  
One  paper discusses coa l recovery and suggests 
m in i ng  systems that wou ld be less wastefu l .  
Keyword (s ) :  coa l m in ing ,  h istorical 
Location (s ) :  I l l ino is ,  I l l i no is  Coal Bas in ,  Un ited 
States 
l m i m ,  H .  I .  Memorandu m of Evidence to the 
Committee on M in i ng  Subsidence . Transactions ,  
I n stitution of  M in ing  Eng ineers, London, v .  1 07,  
1 947,  p .  50-64.  
Th is document conta ins observations and 
recom mendations perta in ing to subsidence legis­
lation,  legal settlements, bu i ld ing construction ,  etc . ,  
with respect t o  coal m in ing . 
Keyword (s) : law, construction , coal m in ing  
Location (s) :  Un ited Kingdom 
lm im,  H. I .  A Viscoelastic Analysis of Mine 
S u bs idence in  Horizontal Laminated Strata . Ph . D .  
Dissertation , Un iversity of M innesota, Min neapol is,  
1 965,  63 p .  
Keyword (s ) :  conti n u u m  mechan ics, model i ng ,  
phenomenolog ical  model,  viscoelastic model 
l nd ra ratna ,  B . ,  S. Nagu leswary, A .  S. Ba la­
subraman iam . Appl ication of Physical and 
Mathematical Model l ing i n  Underground 
Excavation s .  I N :  Rock Mechan ics as a G u ide for 
Effic ient Uti l i zation of Natu ral Resources, 
Proceedings 30th U . S .  Sympos ium,  1 989,  A .W.  
Kha i r, ed . ,  Balkema, Rotterdam,  p .  30 1 -308 . 
The scope of th is paper is to introduce a 
mathematica l model based on matrix a lgebra in 
. order to determine  s imi l itude quantities, which can 
be arran ged in  specific formats to s imu late the field 
conditions and associated behavior. The formu lation 
of a typica l  mathematical  model appl icable to geo­
mechan ics is  demonstrated here . The examples 
provided a re i ntended to facil itate comprehension 
and appl ication of the proposed model in  practice . 
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Keyword (s) : model ing,  mathematical model, 
physical  model, tu nne l l ing 
I ngram, D .  K . ,  G .  M .  Mal i nda . Relationsh ip  Between 
Horizonta l  Stresses and Geologic Anoma l ies in  Two 
Coa l Mines in Southern I l l i no is .  U . S .  Bureau of 
Mines RI 9 1 8 9 ,  1 988 ,  1 8  p .  
I n  situ horizontal stresses were measured to 
determ ine the inf luences of geologic anoma l ies on 
the reg ional  horizonta l  stress field in two coal m ines 
in southern I l l i no is .  Stress measurements were 
obta ined near a normal  fau lt having a 1 2 1 -foot 
displacement at the AMAX Wabash Mine  and a 
la rge coa lbed want at the Kerr-McGee Ga latia No .  5 
M ine .  Horizonta l  stress measu rements were com­
pleted us ing a US BM borehole deformation gauge .  
General ly, geologic anomal ies appeared to  h ave no  
dramatic effect on  the  reg ional  horizontal stresses . 
However, subtle d ifferences between stress 
measurements suggest an infl uence by the fau lt 
zone at the Wabash Mine .  The larger an isotrop ic  
stress conditions at the Ga latia No . 5 M ine  cou ld ,be 
responsible for the increase in kin k zones and  
d i rectional  roof fa i l u res . 
Keyword (s) : geologic featu res, coa l m in i ng ,  
active mines, mon itor ing equ ipment, roof stab i l ity, 
mine design ,  roof su pport 
Location (s) : I l l inois, I l l inois Coal Bas in , Un ited 
States 
I ngram,  D. K. , M .A.  Trevits, J .  S .  Walker . A 
Comparison of Subsidence Prediction Models for 
Longwal l  and Room-and-Pi l lar  Condition s .  I N :  Coal  
Min ing Technology, Economics and Pol icy 1 98 9 ,  
American Min ing  Congress Coal Convention ,  
Pittsburgh ,  June 1 9-2 1 , 1 98 9 ,  p .  545-560 . 
Keyword (s) : pred iction ,  prediction theories, 
longwal l ,  room-and-pi l lar, coal m in i ng ,  active m ines 
Location (s) : Un ited States 
I ngram,  D. K. Surface Fractu re Development Over 
Longwal l  Panels in  South-Central West Virg i n i a . 
U . S .  Bureau of Mines R I  9242, 1 9 89 ,  1 8  p .  
This report focuses o n  the development o f  large  
open su rface fractu res over mined-out coa l  longwal l  
pane ls .  The research concentrates on defi n i ng  the 
fractu res characteristics and the i r  contro l l i ng  vari­
ables . The investigation was conducted at two 
mines in south -central West Virg in ia . 
Keyword (s ) :  coal m in ing ,  longwal l ,  geologic 
featu res 
Location (s) : West Virg in ia ,  Appalach ian Coal  
Reg ion,  Un ited States 
I n gram,  D. K . ,  G .  M .  Mal inda .  Geologic Dis­
continu ities and Their I nfl uence on the Reg iona l  
Horizonta l Stress Field in Southern I l l i no is . I N :  
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Proceedi ngs, 3rd Conference on G round Control 
Problems in  the I l l i nois Coa l Bas in ,  Mt. Vernon,  I L, 
August 8- 1 0,  1 990, Y. P .  Ch u g h ,  ed . ,  Southern 
I l l i nois Un ivers ity, Carbondale,  p. 1 8-38 . 
Previous investigations have documented that 
southern I l l i nois is  influenced by a reg iona l  east­
northeast to west-southwest horizontal com­
press iona l  stress field .  The US BM measu red in  s itu 
h orizontal stresses to determine the inf luences of 
geologic d iscontinu ities on the regional  horizontal 
stress field in  two southern I l l inois coal mines .  
Keyword (s ) :  geologic featu res, coal m in ing ,  roof 
stabi l ity, i nstru mentation , in s itu test ing 
Location (s) : I l l ino is,  I l l ino is Coal Basin ,  Un ited 
States 
I ng ram,  D. K . ,  M .  A. Trevits . Characteristics of 
Overbu rden Deformation Due to Longwal l  M in ing . 
I N :  Proceedings Th ird Workshop on Su rface 
Su bsidence Due to Undergrou nd Min ing ,  June  1 -4, 
1 992 ,  S . S .  Peng ,  ed . ,  Morgantown , WV, p .  
280-28 9 .  
The objective of th is i nvestigation was to 
characterize overbu rden response due to longwa l l  
m in i ng .  S ubsurface strata and surface deformations 
were mon itored during the min ing  of two adjacent 
9 00-foot-wide longwal l  pane ls in southeastern 
Oh io .  
Keyword (s) : overburden,  longwal l ,  coa l m in ing ,  
active m ines, instrumentation ,  mon itoring methods, 
mon itorin g  equ ipment, geologic featu res, rock 
mechan ics, horizontal d isplacement, vertica l 
d isplacement 
Location (s ) :  O h io,  Appalachian Coal Region , 
Un ited States 
I n stitute of Civi l  Eng ineering  ( London ) Ground 
S u bsidence . Thomas Telford Ltd . ,  1 977,  9 9  p .  
This book provides gu idance to good practice 
for the civil eng ineer who is not a specia l ist in  the 
area of ground  subsidence . It is d ivided into seven 
sections dea l ing  with the causes and effects of 
both natura l  and induced surface subsidence . 
Keyword (s ) :  vertica l  d isp lacement, horizonta l  
d isp lacement, surface structural damage, sub­
surface structu ral damage, surface water, mine 
design ,  backfi l l i ng ,  g round contro l ,  eng ineering 
Location (s) :  Eng land 
I nstitution of  Civi l Eng ineers .  Report on Min ing 
Su bsidence.  London,  1 959 ,  52  p . ;  reprinted 1 962 . 
Fou r  subcommittees were set u p  to deal with 
br idges, pu bl ic ut i l it ies, roads, and structures . Each 
of these subcommittees made extensive inqu iries 
and studied the various pu bl ished reports . I n  some 
cases experts attended meetings to g ive evidence . 
From the information col lected, the subcommittees 
prepared ind ividua l  reports that were integrated to 
produce this report .  Each subcommittee considered 
the su bject under the fol lowing main headings :  ( 1 ) 
types of movement, (2 )  effects of movement, (3 } 
precautionary measures, (4) remedia l  measu res, and 
(5)  research . Certa in matters, particu la rly u n der ( 1 )  
and (3 ) ,  wh ich are commonly app l icable,  were made 
the subject of  part 1 of  th is report .  
Keyword (s) :  surface structu ra l damage, 
backfi l l i ng ,  eng ineering ,  p i l lar  strength, coal  m in ing ,  
ut i l it ies, p ipel ines, roads, structural m itigation ,  
mitigation , law 
Location (s } :  Un ited Kingdom 
Institution of M in ing  and Meta l l u rgy.  CAR E  1 88 
Conference on Appl ied Rock Eng ineering ,  
Newcastle u pon Tyne,  January, 1 98 8 .  I nstitute of 
Min ing and Meta l l u rgy, Brookfie ld, VT, No .  0 
900488 99  9, 1 988 ,  290 p .  
Papers i n  this volume were written b y  a n  
international  authorsh ip  a n d  cover a wide ran ge of 
subjects deal i ng  with problems in rock eng ineering ,  
includ ing mine subsidence, backfi l l i ng ,  and 
mon itoring . 
Keyword (s) :  backfi l l i ng ,  eng ineering ,  coal 
min ing,  meta l m in ing ,  mon itor ing methods, mine 
safety, model ing ,  pred iction , rock mechan ics, mine 
operation ,  foundations, tun ne l l ing ,  i n  situ testing ,  
soil mechan ics, lab testing ,  mine waste 
Location (s) :  Austra l ia ,  Un ited Kingdom, South 
Africa, Canada, F in land 
Institution of Min ing  Eng ineers . Effects of Stowing 
on Surface Subsidence . Transactions, I nstitution of 
Min ing Eng ineers, v. 1 07 ,  no .  58 ,  1 947 . 
Keyword (s) :  stowing 
I nstitution of Mun ic ipal  Eng ineers .  Report of S pecia l  
Committee on Min ing  Subs idence . London , 1 947, 
80 p.  
Keyword (s) :  Un ited Kingdom 
I reland,  R. L.,  J.  F.  Poland,  F.  S. R i ley. Land 
Subsidence in the San Joaqu in Val ley, Cal iforn ia ,  as  
of 1 9 80 .  U .S .  Geological Su rvey Profess ion a l  Paper 
43 1 - 1 ,  1 984, 93 p .  
Keyword (s) :  flu id  extraction 
Location (s) :  Cal iforn ia ,  Un ited States 
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I rvi ng ,  C .  J .  Some Aspects of G round Movements . 
Chemica l ,  Meta l l u rg ica l ,  and Min ing  Society of 
South Africa Jou rna l ,  v. 46, May-June, 1 946, p .  
278-3 1 7 . 
Keyword (s) : surface subsidence damage 
Location (s ) :  South Africa 
I rwin ,  R. W. S u bsidence of Cu ltivated Organ ic Soi l  
i n  Ontario ,  I N :  Proceedings American Society Civi l  
Eng ineers 1 03 ,  1 R 2 ,  1 977 ,  p. 1 97-205 . 
Keyword (s) :  soi ls, eng ineering 
Location (s ) :  Canada 
I saac,  A .  K. ,  P .  Neve, T .  J .  Bradbury .  G round 
Control i n  British L6ngwal l  M in ing .  Journa l  of 
M ines,  Meta ls & Fuels,  September 1 983, Specia l  
N u m ber  on Update on Longwal l  M in ing--Evolvin g  
Trends ,  p .  423-43 6 .  
Th is paper presents a brief review of ground 
control developments with i n  the British longwal l  
system and  h igh l ights two areas of research with 
wh ich the authors have been closely involved . 
Some aspects are presented of work conducted in 
the South Wales Coalfield relating  to ( 1 )  design of 
gateroad support at fast retreating longwa l l  faces, 
and (2) assessment of powered su pport per­
formance at longwal l  faces . 
Keyword (s} :  ground contro l ,  coa l m in ing ,  
longwa l l ,  m ine  design ,  roof support 
Location (s) : Un ited Kingdom, I ndia 
I saac,  A. K. ,  B .  G.  D .  Smart, P .  Neve, A .  D. Mayer. 
G ateroad Design at Fast Retreat ing Longwall  Coal 
Faces . I N :  Proceedings,  1 8th International  
Sympos ium on Appl ication of Computers and 
Mathematics in  the Minera l  I ndustries, March 
2 6-30, 1 984, London , p.  68 1 -69 3 .  
The successfu l appl ication of nu merical 
model in g  in the genera l  area of engineering design 
encouraged the development of a two-d imensiona l ,  
e lastic f in ite difference model  for s imulation of 
strata behavior around the gate roadways of fast 
retreat ing longwal l  coa lfaces . An assessment is 
made of the su itab i l ity of such a model for a "soft 
rock1' environ ment. Emphasis is placed on deriva­
tion of i nput  data with a carefu l assessment of the 
physical properties of proximate strata and the 
e lements of the permanent su pport system . 
Keyword {s ) : coal  m in ing ,  longwal l ,  model i ng ,  
m ine  design ,  f in ite element, rock mechan ics, 
mon itorin g  methods, in situ testing ,  geotech n ica l ,  
geologic featu res 
Location (s } :  Un ited Kingdom 
Isaac, A .  K . ,  I .  L. Fol l ington . Geotech n ical 
I nfl uences Upon Longwa l l  M in i ng .  I N :  Eng ineering  
Geology of  Underground Movements, G eological  
Society Eng ineering Geology S pecial  Pub l ication No . . 
5, 1 988 ,  F . G .  Bel l ,  et a l . ,  eds . ,  p .  233-242 . 
This paper describes geotech n ical inf luences 
u pon the plan n ing ,  development, and implementa­
tion of the longwa l l  m in ing  system . The effects of 
these factors have been assessed from a series of 
comprehensive investigations carried out in the 
South Wales and South Nottinghamsh i re Coa lfie lds . 
Al l  the investigations involved the sett ing u p  of 
mon itor ing s ites employing  specia l ly designed 
instru mentation to mon itor the parameters outl i ned 
in the paper. I n  addition ,  deta i led structural and 
l ithological investigations have been carried out  
involving underground mapp ing ,  d iamond dri l l i ng  
and logg ing,  geotech n ical core logg ing ,  and physical  
rock property determinations .  
Keyword (s) :  longwal l ,  coa l m in ing ,  
geotechn ica l ,  mon itor ing methods, instru mentation , 
mine design ,  geologic featu res, rock mechan ics, 
ground control ,  floor stabi l ity, roof stab i l ity 
Location (s ) :  Un ited Kingdom 
lsh ij ima,  Y. ,  T .  lsobe . The S imu lation to Ana lyze 
Surface Subsidence Using Th ree Dimensiona l  F in ite 
Element Method . I N :  Proceedings 4th Annua l  
Sympos ium on Su bsidence in  M ines, Wol longong,  
Austra l ia ,  February 20-22 ,  1 973,  A.J . Hargraves, 
ed . Austra lasian I nstitute Min ing  & Meta l l u rgy, 
l l lawarra Branch,  Paper l1 ,  1 973,  p. 1 1 - 1 -- 1 1 -5 .  
F in ite element method is appl ied to the model 
study using a computer to s imu late the ground  
movements caused by  min ing  of  a horizonta l coa l 
seam . Both "open type" and "closed type" 
conditions are taken into account as the bou ndary 
condition on the periphery of the excavated panel . 
The rock materia l  is assumed to be elastic; 
however, the heterogeneous aspect of the strata 
and the weaken ing of the stiffness of the rock 
material  by fa i l u re are a lso taken into account .  
Ground movements inc lud ing surface subsidence 
predicted by the proposed model show considerable 
agreement with the field observations in  the coal  
d istricts . It is emphasized th at a model study tak ing 
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i nto account the effect of face advance is needed 
when the formation of the fractu red zone around 
the excavation is  to be s imu lated . 
Keyword (s) : f in ite element, model i ng ,  
computer, coa l m in ing ,  pred iction 
Location (s) : Japan 
Ivey, J .  B. G u ide l ines for Eng ineering Geologic 
I nvestigations in Areas of Coa l Mine Subsidence : A 
Response to Land- Use Plann ing  Needs .  Bu l letin 
Association of Eng ineering  Geolog ists, v .  1 5, no .  2, 
1 97 8 ,  p. 1 63- 1 74.  
The d iscussion is  based on work done in the 
Bou lder-Weld coalfield located in  central Colorado.  
However, much of what is  d iscussed and concluded 
here wi l l  apply in  princ ip le to other areas in which 
materia l  is  removed from its natu ral subsurface 
location , particu larly in low dippi ng  bedded 
sedimentary rocks.  
Keyword (s) :  engineeri ng ,  land-use plann ing ,  
coal m in i ng ,  abandoned mines, surface structu ral 
damage 
Location (s) : Colorado, Rocky Mou nta in  Coal 
Region,  Un ited States 
Ivey, J .  B. Coal M ine  Su bsidence, Past, Present, 
and Futu re, in  the Rocky Mou nta ins .  I N :  Pro­
ceedings,  Conference on Coal Mine Subsidence in 
the Rocky Mounta in  Region , Colorado Spr ings, 
October 28-30, 1 985 ,  J . L. Hynes, ed . ,  Colorado 
Geological  Su rvey S pecia l Publ ication 3 1 ,  
Department of Natu ral Resou rces, Denver, 1 986,  p .  
1 - 1 4 . 
The emphasis is on Colorado in th is paper .  
M uch of what is said, however, genera l ly and 
ph i losoph ical ly app l ies to the other Rocky Mountain 
states . S u bsidence is primari ly a man-made hazard 
that h as adversely affected many types of man­
made works . The potential  for  additiona l  subsidence 
effects to be man ifested exists particu larly in areas 
where i nactive m ines are fou n d .  
Keyword (s) :  h istorica l ,  land-use plann ing ,  law, 
surface structura l damage, coal m in ing ,  abandoned 
m ines 
Location (s) : Colorado, Rocky Mounta in  Coal 
Region , Wyoming ,  Un ited States 
Jack, B . ,  J .  J .  Steij n ,  N .  C .  Gay.  The Effect of 
Subsidence as a Resu lt of S ha l low Min ing  
Operations on Surface Structu res--A Quantitative 
Case Study. Mon itoring for Safety in  Geotech n ica l  
Engineering ,  August 1 0, 1 984, p .  67-7 8 .  
This paper describes the effects of subsidence, 
as a resu lt of sha l low coal m in ing  operations,  on 
structu res at grou nd surface.  
Keyword (s) :  su rvey methods, geotechn ica l ,  
photography, instru mentation,  surface structural 
damage, longwal l ,  mon itoring equ ipment, coa l 
min ing 
Location (s ) :  South Africa 
Jack, B .  W.  Case Studies of the Effects of S u rface 
Subsidence on G ravel and Provincia l  Bituminous 
Roads . IN :  Proceed ings, SANG O R M  Sympos iu m,  
October 2 1 ,  1 98 6, Sandton , South Africa, I nter­
nation a l  Society for Rock Mechan ics, South African 
Nationa l  Group, p .  97 - 1 1 4 . 
Total extraction of coal seams can cause 
damage to the surface and structu res u n dermined .  
Roads of various types are the predominant 
structures that traverse the coalfields of South 
Africa . I nstru mentation and mon itoring tech n iques 
for case stud ies are described and the find ings 
given . 
Keyword {s) : coal m in ing ,  monitori ng  methods, 
survey methods, i nstru mentation ,  roads 
Location (s) : South Africa 
Jack, B .  W .  The Effects of the Undermin ing  of a 
Farmhouse by a Longwal l  Panel  and the S u bsequent 
Extraction of the Adjacent Longwal l  Panel . I N :  
COMA :  Proceedings of Sympos ium o n  Construction 
Over Mined Areas, Pretoria ,  May 1 992 ,  South 
African Institution of Civi l  Eng ineers, Republ ic of 
South Africa, p. 1 09- 1 1 4. 
A farm complex was recently undermined in the 
Standerton d istrict . The ground surface and house 
were mon itored to record changes in e levation,  t i lt ,  
and stra in . The condition of the bu i ld ings was as­
sessed prior to u ndermin ing  by one longwal l  panel  
and again after the extraction of an  adjacent panel 
separated by a 30-m-wide interpanel  p i l lar .  The 
house was situated ins ide the extraction area of the 
fi rst longwal l  panel ,  1 2  to 3 5  meters in  from the 
ribside . When the adjacent longwa l l  was extracted, 
th is r ibside formed an interpanel p i l l a r .  After the 
in itial undermin ing ,  the house experienced a smal l  
amount of su bsidence and a very s l ight t i l t .  
Extraction of the second panel  increased the 
subsidence above the fi rst panel and induced 
subsidence above the interpanel p i l lar .  This 
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i ncreased su bsidence at the house by a factor of 
fou r, at the same t ime reducing the ti lt back to 
zero . The house was not damaged . 
Keyword (s) : surface structu ra l  damage, 
longwa l l ,  active m ines,  mon itor ing methods, 
h orizontal  d isp lacement, vertical d isp lacement, 
i nstrumentation 
Location (s) : South Africa 
Jackson , G .  H . , J. H. Sou le . Measurements of 
S u rface S u bsidence, San Manuel Mine,  P ina l  
Cou nty, Arizon a .  U . S .  Bureau of M ines R I  6204, 
1 963,  36 p .  
Keyword (s) : mon itoring  equipment, mode l ing ,  
meta l m in ing  
Location {s) : Arizona,  Un ited States 
Jackson ,  P. D . ,  D .  M .  McCann ,  D .  L. Russel l . 
G eophys ica l  Mapping Dur ing the Plann ing of New 
Roads :  An Aid to the Detection of Mine-Workings .  
I N :  P la n n ing  and Eng ineering Geology, Proceedi ngs 
of 22nd  An n ua l  Conference, Eng ineering G roup  of 
the G eologica l  Society, Plymouth Polytech n ic,  
September 8- 1 2 , 1 986,  M.G . Cu lshaw, et a l . ,  eds . ,  
The  G eological  Society, London , 1 987 ,  p .  447-452 .  
Magnetic f ield strength a n d  electrical 
conductivity surveys h ave been made over an 
extens ively m ined area north of Dalton- in-Furness 
along parts of a proposed by-pass route . This 
approach was successfu l in  detect ing shafts and 
other workings,  wh ich were brick- l ined and back­
f i l led with debris and ash,  s ince the magnetic field 
and electr ical conductivity va lues are normal ly 
h igher in the vicin ity of such areas . 
Keyword (s) :  abandoned mines, roads, 
geophysica l ,  land-use p lann ing  
Location {s) : Un ited Kingdom 
Jacobsen ,  W. E . ,  J.  S. Bh utan i ,  J.  C .  E l l iott . 
S u bsidence Mon itor ing in Conjunction with 
Underg round  Mine  F lush ing Operations .  Contract 
SO 1 44073,  Mitre Corp . U .S . Bureau of M ines OFR 
34-76,  1 97 5 ,  1 54 p .  ( NTIS PB 250 8 1 8) 
Keyword (s ) :  mon itor ing design ,  backfi l l i ng ,  
mon itori ng  methods 
Location (s) : Un ited States 
Jacobsen,  W .  E . ,  J .  P. Morri s .  Surface Subsidence 
from M in i ng--Reduction of Trigonometric Level ing 
Data . M itre Corporation ,  Report MTR-6899,  June  
1 975 ,  24 p .  
Keyword (s) :  su rvey data processing 
Jacqu in ,  C . ,  M .  T. Pou let. Study of the Hydro­
dynamic Pattern in a Sedimentary Basin S u bject to 
Subsidence . Society of Petroleu m Eng ineers Paper 
2988 ,  45th Annua l  Fal l  Meeting  S PE-A I ME,  
Houston, TX, 1 970. 
Keyword (s } :  hydrology, oi l  extraction 
Location (s} : Un ited States 
Janes,  J .  A Demonstration of Longwal l  M in i ng . 
F ina l  Report, U .S .  Bureau of Mines Contract 
J0333 949 with Old Ben Coal Company, 1 983,  O F R  
N o .  8 6 (  1 )-85,  1 05 p . ,  a n d  86 (2) -85 (Append ix) . 
Longwal l  coal min ing had been conducted by 
Old Ben Coal Company intermittently from J u n e  
1 962 to Apri l 1 970.  Al l six attempts were aban­
doned before the completion of the entire panel . 
The most serious problem was fa i l u re to control the 
roof with the chock-type s u pports ava i lab le at  the 
time . The US BM and Old Ben entered into a cost­
shar ing contract to demonstrate longwa l l  m in ing  in  
the Herrin No .  6 seam in  southern I l l i nois in  Apri l  
1 975 . Resu lts obta ined f.rom the fi rst panel in­
d icated that roof cou ld be control led by she i ld-
type supports . 
Keyword (s } :  longwal l ,  roof support, roof 
stabi l ity, floor stabi l ity, coa l m in ing ,  active m ines ,  
rock mechan ics, geolog ic featu res, m ine  safety, 
f in ite element, geotechn ical 
Location (s} : I l l i nois, I l l ino is Coa l Bas in ,  Un ited 
States 
Jansen , R. B. Earth Movement at Baldwin H i l ls 
Reservoir .  ASCE Journa l  Soi l  Mechan ics & 
Foundation Divis ion , v. 93,  No . S M4, Paper 5330, 
Ju ly 1 967,  p .  55 1 -575 . 
Keyword (s} : surface water 
Jarosz, A . ,  M .  Karmis . Control of Su rface 
Movements Above Active Coal Mines in 
Appa lach ia . I N :  Proceedings,  2nd Workshop on 
Su rface Subsidence due to Undergrou nd  M in ing ,  
Morgantown , WV, June  9- 1 1 ,  1 9 86,  S . S .  Pen g,  
ed . ,  West Virg in ia  Un iversity, p .  1 22- 1 33 .  
This study shows that the m in ing  geometry and 
configuration of  panels, as wel l  as the  extraction 
sequence can have a su bstantia l  impact on the 
surface ground movement. As opposed to "fixed11 
m ine design parameters (such as depth or m in ing  
he ight) ,  other parameters are "variable" design 
parameters and th us  can be p lanned accord ing ly .  
Further work must be di rected towards improving  
these princ ip les and examine their practical 
implementation so that, subsidence control can be 
inc lu ded in  mine plann ing  and design . 
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Keyword (s) :  coal m in ing ,  vertical d isplacement, 
h or izonta l  d isplacement, m ine  des ign,  geologic 
features, su rface structural damage, time factor, 
pred iction , infl uence fu nction , empirica l model,  
active m ines 
Location (s } :  Appalach ian Coa l Reg ion , Un ited 
States 
Ja rosz, A. P. Development of A Computer System 
for Pred iction of Subsidence . I N :  COMA:  Pro­
ceed ings of Sympos ium on Construction Over 
M ined Areas, Pretoria ,  May 1 992 ,  South African 
I nstitution of Civi l Eng ineers, Repu bl ic of South 
Africa, p. 67-7 1 . 
The prediction of subsidence due to under­
g round m in ing ,  the assessment of its impact on 
su rface structu res, and its control to meet ac­
ceptable levels of surface deformations are al l  
important considerations d u ri ng  the mine design 
process . The paper briefly reviews and compares 
the d ifferent pred iction techn iques,  as well as their 
advantages and d rawbacks . The main focus is 
p laced on the development of a comprehensive 
computer system,  able not on ly to predict the ver­
t ical  and horizonta l  components of the grou nd 
movement, but a lso to assess the induced surface 
damages and costs related to su bsidence pre­
vention and compensation . Such an approach wi l l  
make it very usefu l for mine p lann ing and cost 
ana lysis of m in ing  operations where protection of 
the su rface and surface structures is requ i red . 
Keyword (s) : prediction , surface structu ral 
damage,  prediction , prediction theories, vertica l 
d isp lacement, horizonta l  d isp lacement, economics, 
su rvey data process ing,  computer 
Location (s ) :  South Africa 
Jen ike,  A. W . ,  T. Leser .  Caving and Underground 
S u bsidence . Transactions,  A I M E, v .  223,  no .  1 ,  
1 962,  p .  67-73 . 
The problems of cavin g  and underground 
su bsidence can be considered as the  fa i l u re of  a 
h ig h ly compacted rock and its subsequent flow in  
the form of  broken rock .  The problem is complex 
because the propagation of fa i l u re and flow have to 
be cons idered s imu ltaneously; the yield strength of 
the virg in  rock and the broken rock are d ifferent; 
and ,  wh i le  u nder certa in  condit ions it is suffic ient to 
consider the virg in  rock as homogeneous, the 
dens ity and the yield function of broken rock a re 
both pressu re and  t ime dependent.  
Keyword (s) :  rock mechan ics, overbu rden 
Location(s ) :  Un ited States 
Jenkins,  H .  C .  Gob-Stowin g  Practices . 
Transactions, I nstitute of M in ing  Eng ineers,  v .  8 1 ,  
1 93 1 ,  p .  1 20 .  
Keyword (s) :  stowing,  m ine  waste 
Jenkins ,  J .  D .  Mechan ics of Floor Penetration in  
Mines .  I ron and Coa l  Trades Review, v .  1 7 1 ,  no .  
45 60, 1 955,  p .  5 4 1 -547 . 
Keyword {s) : floor stabi l ity 
Jenkins,  J .  D .  The Bear ing Capacities of M ine  
F loors . Col l iery Guard ian,  v .  1 95 ,  n o .  5039 ,  1 95 7 ,  
p .  397-400. 
Keyword (s) : floor stabi l ity 
Jenkins,  J .  D .  Some I nvestigations i nto the Bearing  
Capacities of  Floors in  the  North u m berland and 
Durham Coa lfields . Transactions, I nstitution of  
M in ing  Eng ineers ,  v .  1 1 7 ,  part I I ,  1 95 8 ,  p .  
725-738 .  
Keyword {s) :  floor stabi l ity, coa l m in ing  
Location (s) : · Un ited Kin gdom 
Jenkins, J. R .  Some Notes on Science of Roof 
Caving and Its Practice on Longwa l l  Mach ine Faces . 
Transactions,  A I M E, v. 1 00, October 1 940, p .  
2- 1 9 . 
Keyword {s) : m ine desig n ,  g round  control ,  
longwal l ,  roof stabi l ity 
Location {s) : Un ited States 
Jenn ings,  J .  E . ,  A. B. A. Brin k, A. Lauw, G .  D .  
Gowan . S ink-Holes a n d  Su bsidence in  the Trans­
vaal Dolomites of South Africa . I N :  Proceedings 6th 
I nternationa l  Conference on Soi l  Mechan ics and 
Foundation Eng ineering ,  Montreal ,  1 965,  p .  5 1 -54.  
Keyword {s) :  geologic features, soi l  mechan ics 
Location (s ) :  South Africa 
Jerabek, F .  A .  I nvestigations of Segregation in 
Discharge Fi l l  S lu rry and Compressib i l ity of Smal l  
S ized F i l l  Materia l . M . S .  Thesis, Department of 
Min ing,  The Pennsylvan ia State Un ivers ity, 1 963 . 
This paper is an extensive study of s ize 
segregation dur ing f i l l  emplacement by hydra u l ic  
flush i n g .  The author discusses sedimentation 
reg imes, angle of repose, and compressive strength 
as related to particle s ize . 
Keyword {s } :  hydra u l ic backfi l l i ng ,  lab testing  
Jerabek, F .  A . ,  H .  L .  Hartman . Hydrau l ic Backfi l l i ng :  
A Method of G round Support. AI M E  preprint, 
presented at Annua l  Meeting ,  Ch icago, I L, February 
1 4- 1 8 ,  1 965 . 
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This paper discusses problems and practical 
appl icat ions of m ine  backfi l l i ng ,  as wel l  as charac­
teristics and relationsh ips between the deposited fi l l  
materia l  and,-0verlying grou n d .  
Keyword (s) : hydrau l ic backfi l l i ng ,  ground 
control 
Location (s) :  Un ited States 
Jerabek, F .  A . ,  H .  L. Hartman .  M ine  Backfi l l i ng  with 
Pneu matic Stowing . M in ing  Congress Journa l ,  May 
and J une ,  1 966 .  
These articles describe the  state of  the  art of 
pneu matic backfi l l i ng  based on Eu ropean practices, 
ma in ly from Germany . 
Keyword (s ) :  pneumatic backfi l l i ng  
Location {s) :  Germany, Europe 
Jera n ,  P. W . ,  T. M .  Barton . Comparison of the 
S ubsidence Over Two Different Longwal l  Panels . 
I N :  M ine  S u bsidence Contro l ,  Proceedings Bu reau of 
M ines Technology Transfer Seminar,  Pittsburgh ,  
September 1 9 , 1 985 ,  U .S . Bureau of  Mines IC  
9042, p .  25-33 . 
The su bsidences over two longwa l l  sections 
operat ing in  the northern Appalach ian coal reg ion 
were mon itored . The panels d iffered in d imensions, 
overburden th ickness, and coa lbed mined .  Although 
the fina l  subsidence profi les d iffered , ana lysis of  the  
data i n dicated the same process of  subsidence 
operated at each panel . 
Keyword (s) : longwa l l ,  su rvey data processing,  
coal m in i ng  
Location (s) :  Pennsylvan ia ,  West Virg in ia,  
Appalach ian Coal Region , Un ited States 
Jeran ,  P. W . ,  V .  Adamek . Su bsidence Over Chain 
Pi l lars .  I N :  Eastern Coal Mine Geomechan ics, 
Proceedings Bu reau of Mines Technology Transfer 
Seminar,  Pittsburg h ,  PA, November 1 9 , 1 986,  U .S . 
Bureau of M ines IC  9 1 37 ,  p .  65-7 1 . 
S u bsidence over two or more adjacent longwal l  
panels and the interven ing cha in p i l lars was 
mon itored at fou r  m ines in the Northern Appa­
lach ian Coal Basin . The magn itude of the sub­
s idence over the cha in  p i l lars ranged from 0 .06 to 1 
foot . The width of the cha in  p i l lars affects the 
sh ape of the subsidence cu rve . Wider chain p i l lars 
yield a wider area of m in imum subsidence . 
Comparison of the field-measured subsidence with 
precalcu lated su bsidence over the cha in  p i l lars 
ind icates a range of p i l lar  deformation . The data 
show that, at th ree of the sitesi additional  sub­
s idence was induced over the f irst panel  by the 
min ing of the second panel . Curves of the additiona l  
subsidence are s imi larly shaped for these sites . Th is 
ind icates that a model to predict subsidence over 
chain p i l lars cou ld be developed with sufficient 
data . 
Keyword (s) :  coa l m in ing ,  p i l lar  strength ,  m ine  
design,  su rface su bsidence damage, prediction,  
geologic featu res, su rvey equ ipment, su rvey 
equipment, survey data processing 
Location (s ) :  Pennsylvan ia ,  West Virg in ia ,  
Appalach ian Coa l  Region , Un ited States 
Jeran ,  P .  W . ,  V .  Adamek, M . A .  Trevits . A 
Subsidence Pred iction Model for Longwal l  M ine  
Design . IN :  M ine  S u bsidence,  Society of  M in ing 
Eng ineers Fa l l  Meeting ,  St. Lou is ,  MO,  S eptember, 
1 986, M . M .  S ingh ,  ed . ,  S M E, Littleton ,  CO, p. 3-8 . 
Lithological conditions over the Pittsburg h  
Coalbed cause the subsidence coefficient t o  vary 
with in  the area of the subsidence trough . Th is  
precludes the u se of European predictive models,  
which are based u pon a constant su bsidence 
coefficient.  Regress ion ana lysis of the d istribution 
of su bsidence coefficients from 1 1  US BM longwa l l  
panel studies on the  location re lative to  the  edge  of 
the panel h as yielded a th i rd degree polynomia l  
equation . This equation has been incorporated into 
a BAS IC  computer program for use on a PC, which 
a l lows users with no previous knowledge of the 
theory of su bsidence to predict vertical movements 
over typical longwal l  panels in the northern 
Appa lach ian coal bas in . 
Keyword (s) : pred iction , longwal l ,  coal m in i ng ,  
mine design ,  geologic featu res, computer, ang le of 
draw, overbu rden,  model ing 
Location (s) :  Appalach ian Coal Reg ion,  Un ited 
States 
Jeran ,  P. W . ,  V. Adamek. Subsidence Due  to 
Undermin ing  of S loping Terra in : A Case Study .  U . S .  
Bu reau of Mines R I  9205, 1 98 8 ,  1 0  p .  
Subsidence over a series of longwal l  panels 
undermin ing  s loping terra in in southwestern 
Pen nsylvan ia was mon itored to verify the USBM 
subsidence prediction model for the  northern 
Appalach ian coal region . Comparison of the f ield 
data to model output showed close agreement.  
Vertical  movements over each panel  ceased with 
the m in ing  of the adjacent panel . Horizontal 
movements were sign ificantly affected by 
topograph ic s lope. The d istribu tion of horizontal 
stra ins  over each panel were s im i lar, with a zone of 
compression occurring over the center of each 
panel . The zones of compression were f lan ked by 
zones of tension toward the rib .  The magn itude of 
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the tens ions were affected by the slope . The stra ins 
developed at the completion of each panel  were not 
s ign ificantly altered by the min ing  of subsequent  
pane ls .  
Keyword (s) : longwal l ,  prediction , mode l ing ,  coal 
m in ing ,  geologic featu res, horizontal displacement, 
vertical d isp lacement 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Jeran ,  P. W . ,  V. Adamek.  Subsidence Over the End 
of a Longwal l  Pane l . U . S .  Bureau of Mines R I  9338, 
8 p.  
S u bsidence was mon itored by the US BM over 
the ends of longwal l  panels operat ing in the 
Pittsburg h ,  Kittann ing ,  and No . 2 Gas Coalbeds of 
the northern Appalach ian . Coal Bas in . The f ina l  
subsidence over the fin ish ing  ends of th ree panels 
in  the Pittsburgh  Coalbed are compared with the 
subsidence measured over the rib .  The charac­
teristics of su bsidence are d ifferent .  Data from the 
start of a longwal l  pane l  shows s imi lar  characteris­
tics to the su bsidence measu red over the rib .  A 
subsidence prediction model based on data 
gathered over the r ib of a panel will not yield 
accurate resu lts if it is app l ied to the fin ish ing end 
of a longwa l l  panel . Acceptable resu lts may be 
obta ined a long the centerl ine  over the starti ng end 
of a panel . 
Keyword (s) : mon itori n g  methods, longwal l ,  coal 
m in i ng ,  active m ines,  prediction,  model ing 
Location (s) : West Virg i n ia ,  Pennsylvan ia,  
Appa lach ian Coal Reg ion,  Un ited States 
Jeremie,  M .  L. Subsidence Problems Caused by 
Solution M in ing  of Rock-Salt Deposits . I N :  
Proceedings 1 0th Canadian Rock Mechan ics 
Symposium,  Kingston ,  September 2-4, 1 975 ,  
Department of  M in ing  Eng ineering ,  Queen 1 s  
Un ivers ity, v .  1 ,  p .  203-223 . 
Severa l th ings make it d ifficu lt to estimate 
subsidence that wi l l  resu lt from solution m in i ng .  
Un l i ke the  excavations formed by  underground 
m in ing  methods, the outl i nes of  the cavities formed 
by solution m in ing  a re not control led and genera l ly 
are not accu rately known, a lthough overa l l  recovery 
can be determined (often about 1 2% of the for­
mation ) .  Moreover, the rheological properties of the 
assemblage of rocks and overburden above the 
extraction horizon and the natu re of the existing  
stress fie lds a re usua l ly u n known . For  these rea­
sons, forecasts of su bsidence caused by solution 
min ing are often made by ana logy with known 
occurrences . 
Keyword (s) :  non-metal m in i11g ,  rock mechan ics, 
prediction , surface structural damage 
Location (s) :  Yugoslavia ,  Canada 
Jeremie, M. L. I nf luence of Shear  Deformation 
Structu res in  Coa l on Selecting Methods of M in ing .  
Rock Mechan ics, v .  1 3 , 1 980, p .  23-28 . 
Keyword (s ) :  coa l m.i n ing ,  rock mechan ics, m ine  
design 
Jermy, C .  A . ,  F .  G .  Bel l . Coal Bear ing Strata and 
the Stabi l ity of  Coal Mines in  South Africa . I N :  
Proceed ings I nternationa l  Congress o n  Rock 
Mechan ics, Aachen,  1 99 1 ,  W.  Wittke, ed . ,  v .  2 ,  p .  
1 1 25- 1 1 3 1 . 
Subsurface coal m in ing  is affected by a n u m ber 
of properties of the strata involved : the l ithological  
character of the rocks immediately above and 
below the coal seam; the sedimentary features 
conta ined with in the strata; the mechan ical  
properties of the rocks involved, notably their  
strength and deformation modul i ;  the du rab i l ity of 
the rocks on exposu re; and the inc idence and 
geometry of d isconti nu ities . Accord ing ly, core 
materia l  was obtained from a nu mber of coa lfields 
in South Africa to investigate the inf luence of 
certai n  rock properties on the roof and floor stab i l ity 
of mines . This showed the existence of numerou s  
disti nct sed imentary facies that have d ifferent 
character and geotech n ica l  properties wh ich , in 
tu rn, inf luence the design and development of 
mines . 
Keyword (s) : geolog ic featu res, coal m in ing ,  
mine des ign,  floor stabi l ity, roof stabi l ity 
Location (s ) :  South Africa 
Jessop,  J. A . ,  R. E. Th i l l .  Eng ineering  Properties of 
Coa l Measure Rocks in  the Danvi l le  Region of the 
I l l i nois Basin . I N :  Proceedings,  2nd  Conference on 
Ground Control Problems in  the I l l ino is  Coa l Basin , 
May 1 985 ,  Y. P .  Ch ugh ,  ed . ,  Southern I l l inois 
Un ivers ity, Carbondale,  v .  2 ,  p. 1 8-26 .  
Coal m in ing  operations requ i re i nformation of 
eng ineering property data for a l l  phases of m in ing  
from exploration through  process ing  and  waste 
disposa l .  Such properties are of particu lar  concern 
in mine p lann ing and design . As part of an effort by 
the US BM to obta in representative eng ineering  
Properties for major coa l-produc ing regions in  the 
Un ited States, a program was u ndertaken to 
determine the mechan ical and geophysical 
Properties of roof, floor, and overburden rocks for 
coal mines in the I l l inois Basin . Example appl ications 
for the use of the data in min ing are g iven for 
assessin g  p i l lar ,  roof, and floor instabi l ity . 
Keyword (s) :  coal m in ing ,  geotech n ical ,  
geophysica l ,  rock mechan ics, eng ineering ,  roof 
stab i l ity, p i l l a r  strength , floor stabi l ity, model i ng ,  
abandoned mines,  active mines, lab testing,  in  s itu 
testing ,  g round  contro l ,  geologic featu res 
Location (s ) :  I l l i nois,  I l l inois Coal Basin ,  Un ited 
States 
Jessop, J .  A . ,  C .  L. Cumerlato, K.  M .  O ' Con nor .  
Characteriz ing  Longwal l  Coa l Mine Subsidence with 
H igh  Resolution Seismic Reflection . I N :  Pro­
ceed ings,  4th Conference on G round Control for 
M idwestern U . S .  Coal Mines, Mt. Vernon,  I L, 
November 2-4, 1 992 ,  Y. P .  Chugh and G .  Beasley, 
eds . ,  Southern I l l i no is  Un ivers ity, Carbondale, p .  
3 9 1 -400. 
H igh-resolution seismic-reflection surveys were 
conducted at a coal  m ine  site in southern I l l i nois . 
Premine and  'postmine su rveys conducted above 
longwa l l  panels consisted of common-depth-point 
data col lection .  Dri l l  core and son ic logs from a 
n earby borehole and mine  maps were used in the 
interpretation of the data . Processed sections show 
a n u mber of interesting features that may aid in  
characteri z ing  subsurface subsidence.  The mined 
and u n m ined a reas at these s ites are clearly 
d iscern ib le ,  and seismic s ignatures associated with 
fractu re zones and voids can be interpreted . I n  
addition , reflection events from subsided areas have 
been identified that corroborate recently advanced 
theories of bridg ing  potential  of . the overburden . 
Keyword (s) : seismic, overbu rden,  longwal l ,  coal 
m in i ng ,  geophysical 
Location {s ) : I l l i nois,  I l l inois Coal Bas in ,  Un ited 
States 
J i-xian ,  C. The Effects of M in ing  on Bu i ld ings and 
Structu ra l Precautions Adopted . IN :  Ground 
Movements and Structu res, Proceedings 3rd 
I n ternationa l  Conference, Un iversity of Wales 
I nstitute of Sc ience and Technology, Cardiff, 1 984, 
J . D .  G eddes, ed . ,  Pentech , London,  1 985,  p .  
404-4 1 9 . 
The paper g ives a general description of 
Ch inese practice du ring the past two decades for 
coal m in in g  u n der su rface structu res . Reference is 
made to the effects induced by surface stra in ,  the 
structural precautions used and their  effectiveness, 
and basic gu idel i nes for use when min ing  under 
. bu i ld ings . 
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Keyword (s) :  su rface structu ral damage, coal 
m in ing ,  active mines, structu ra l m itigation , 
horizonta l  d isplacement, vertical d isplacement 
Location (s) :  Ch ina  
J ian , Z . ,  L. Mongl in . Computer Program for  Use i n  
Design ing  Masonry Bu i ld ings in  a Subsidence 
Region , I N :  G roun d  Movements and Structures, 
Proceedings 4th I nternationa l  Conference, 
Un iversity of Wales Col leg� of Cardiff, J u ly 8- 1 1 ,  
1 99 1 ,  J . D .  Geddes, ed . ,  Pentech Press, London ,  
1 992 ,  p .  338-343 ' 
Studies of structural calcu lat ions for bu i ld ings i n  
subsidence reg ions are relatively rare . I n  many 
cou ntries, masonry bu i ld ings are often encountered 
in su bsidence reg ions .  For these reasons  a com­
puter program has been developed for the purpose 
of calcu lating  the stresses and stra i ns  in masonry 
structures in subsidence reg ions .  
Keyword (s) :  su rface structu ra l damage,  coal  
min i ng ,  fi n ite e lement, fou ndations,  h orizontal  
displacement, pred iction 
Location (s) :  Ch ina  
J ingmi n ,  X . ,  E .  Topuz .  A S imu lat ion Mode l  for 
Longwal l  M in i ng  Operation s .  S M E-AI M E  Prepr int 
No .  83-387,  S M E-AI M E  Fa l l  Meetin g  and Exh ib it, 
Salt Lake C ity, UT, October 1 9-2 1 ,  1 983 ,  7 p .  
Th i s  paper i s  to develops a stochastic model to 
s imu late the production operations in longwal l  
m in i ng .  The activities and parameters that affect 
the production potential  of the longwal l  operations 
and the relationsh ips between the activities are 
identified . An attempt is made to verify these 
relationsh ips th rough the use of existin g  data . The 
model is then used as a computer s imu lator to 
investigate the effects of various activities and  
parameters on the production capacity of  a panel . 
Keyword (s ) :  modeli ng ,  longwal l ,  stochastic 
model, coa l m in ing ,  computer 
Jixian , C . ,  H. Letin g .  Study of Deformation 
Resistant  Structura l  Systems for Bu i ld ings i n  Coal 
M in i ng  Areas . I N :  G round Movements a n d  
Structu res, Proceed ings 4th I nternationa l  
Conference, Un iversity of Wales Col lege of Card iff , 
Ju ly 8- 1 1 ,  1 99 1 ,  J . D .  Geddes, ed . ,  Pentech Press, 
London,  1 9 92,  p .  356-369 .  
Th is paper presents a description of  the  study 
of deformation res istant structural  systems for 
bu i ld ings in m in ing  areas .  The tech nology has been 
appl ied successfu l ly in  several areas i n  Ch ina  for 
various ki nds of one- to five-story bu i ld ings of 
rei nforced brick .  In each of the areas mentioned,  
1 94 
min i ng  operations were carried out in one to five 
seams th at were nearly level, i nc l i ned,  or steeply 
i ncl i ned .  Comprehens ive observations  were con­
ducted of various movements, deformations,  and  
stresses experienced by  the  ground  surface and the 
bu i ld ings duri ng  subsiden ce .  A large amount of 
measured data was obta ined .  
Keyword (s) :  surface structural damage, coal 
m in i ng ,  structu ra l  m it igation , active mines, mu ltiple­
seam extraction ,  fou ndations,  construction 
Location (s ) : Ch ina  
Joh nson,  A .  M. ,  R .  J .  Hodek, G .  E .  Fraritti . Pip ing 
I nduced S u bsidence Over an  Underground  M ine .  
IN :  Proceedi ngs,  Workshop on Su rface Subsidence 
Due to Undergrou nd  M in i ng ,  Morgantown , WV, 
November 30-December 2, 1 98 1 ,  S . S .  Peng and M .  
Ha rth i l l ,  eds . ,  West Virg i n i a  Un iversity, 1 982 ,  p .  
268-273 . 
Researchers at Mich ican Tech nological 
U n iversity h ave been studyi ng  m ine  subsidence in 
the I ron  R iver District of Northern Mich igan s ince 
1 974.  The district, wh ich was active from 1 88 1  to 
1 978 ,  has had n umerous cases of subsidence .  
M u ch of  the subsidence resu lted from rock mass 
fa i l u re,  but some appeared to have developed 
pr imari ly i n  the thick g lacia l  overburden , which is  a 
typical  featu re of th is area . This latter observation 
led to the recog n it ion that some of the surface 
su bsidence was due to p ip ing ,  i . e . ,  loss of 
overbu rden materia l  to the mine voids by 
g rou ndwater flow. 
Keyword (s ) :  abandoned mines, meta l m in i ng ,  
overburden , subsurface water, mon itori ng  methods 
Location (s) : Mich igan ,  Un ited States 
Joh nson , C. J . ,  C. J .  Bise . Determ in i ng  the Effects 
of New Tech nology on Room-and-Pi l lar  Productivity .  
M i n i n g  Eng ineeri ng ,  January 1 989 ,  v .  4 1 , no .  1 ,  p .  
45-47 . 
As the coal i ndustry in the Un ited States moves 
i n to the n ext century, it is becoming  more apparent 
that the effective appl ication of new tech nology is 
the on ly way it can remain  competitive in  the 
energy marketplace . The focus of th is new tech ­
no logy i s  d i rected toward improvements i n  health 
and safety, cost control ,  and  productivity . Room­
and-p i l lar  m in i ng  accou nts for approximately 68% 
of  the  nation  1 s  u nderground coal production;  th is 
percentage is not expected to decrease markedly in  
the near  futu re . As such,  th is paper ana lyzes the 
impacts of  the chang ing  technological cl imate on 
futu re room-and-p i l lar  operations by compari ng  a 
base-case section (current) to th ree scenarios 
incorporat ing new or emerg ing technology. 
Keyword (s) :  coal m in ing ,  economics, room­
and-pi l lar, mine safety 
Location (s ) :  Un ited States 
Joh nson , G .  H . , J .  H .  Sou le .  Measurement of 
Surface Su bsidence, San Manuel M ine ,  P ina l  
Cou nty, Arizona .  U . S .  Bu reau of M ines R I  6204, 
1 963 . 
This report discusses an investigation of the 
surface effects of b lock caving used in  an  Arizona 
copper mine .  Surface survey methods inc luded 
reference p ins,  triangu lation surveying ,  and air  
photographs .  
Keyword(s) : su rvey methods, mon itorin g  
equ ipment, photography, surface su bsidence 
damage, metal m in ing  
Location (s) : Arizona,  Un ited States 
Joh nson , J .  C . ,  M .  E. Poad .  Premin ing  Stab i l ity 
Analysis of a Shaft P i l lar  at the Homestake M ine .  
IN :  Rock Mechan ics as  a G u ide for Efficient 
Uti l ization of Natu ral Resou rces, Proceed ings 30th 
U.S.  Sympos ium,  1 989 ,  A.W. Khair ,  ed . ,  Ba lkema,  
Rotterdam, p .  1 75- 1 82 .  
H igh-grade ore found i n  a shaft p i l lar  at the 
Homestake Mine prompted a request for a US BM 
study to  determ ine i f  selected areas of  the  shaft 
pi l lar cou ld be mined without jeopard iz ing  the shaft. 
The design approach was to perform a f in ite­
element study of the shaft p i l lar .  P lan view and 
vertical sections were developed us ing two­
dimensiona l ,  elastic, p lane stra in  assumptions .  
I n put into the  model consisted of  in  situ stress 
measurements, geolog ic mapping ,  rock mass 
properties, and previous min ing  h istory . Resu lts 
from the study ind icated that ore-bearin g  sect ions 
of the shaft p i l lar  cou ld be removed with in  the 
displacement tolerances acceptable for the shaft . 
Keyword (s) :  meta l m in ing ,  p i l lar  extraction , 
fin ite element, geologic features, rock mechan ics, 
engineering ,  model ing  
Location (s) :  South Dakota , Un ited States 
Johnson,  J .  R. Reclamation of Abandoned Mine  
Site .  ASCE Journal  of  Environ mental Eng ineering  
Division ,  v .  1 05 ,  June,  1 979 ,  p .  597-603 . 
Publ ic Act 78- 1 293 provided for the creation of 
the Abandoned Mined Lands Reclamation Cou nc i l  
(AMLRC) . I n  early 1 976,  the AM LRC began to 
address the problem of restor ing the thousands of 
Wasted acres of abandoned mine properties, both 
su rface and undergrou nd,  to renewed productive 
1 9 5 
u ses . From the  i n it ia l  l ist of approximately 50 s ites 
recommended by reclamation experts in I l l inois, the 
Counci l  selected th ree underground sites to be 
rec la imed in  accordance with the new law. 
Keyword (s) :  abandoned mines, reclamation ,  
law,  environment, h istorica l ,  economics, m ine  
waste 
Location (s) : I l l i nois,  I l l i nois Coa l Bas in ,  Un ited 
States 
Joh nson , K. L .  Inf luence of Topography on the 
Effects of Longwal l  Min ing on Sha l low Aqu ifers in  
the Appalach ian  Coa l  Field . I N :  Proceedings Th i rd 
Workshop on S u rface Subsidence Due to Under­
g round  M in i ng ,  S .S .  Peng ,  ed . ,  J u ne 1 -4, 1 992 ,  
Morgantown , WV,  p .  1 97-203 . 
Networks of mon itoring wel ls  were establ ished 
prior to m in i ng  at fou r  longwal l  m ine s ites in the 
Appa lach ians to mon itor the effect of min ing on 
water levels,  water qua l ity and well yield . Two of 
the s ites we-re located in stream val leys and the 
other  two s ites were located on h i l ltops . 
Keyword (s ) :  subsurface water, hydrology, 
longwa l l ,  active m ines ,  coal m in ing ,  mon itoring 
methods, model ing 
Location (s) : Appalach ian Coal Reg ion,  Un ited 
States 
Joh nson,  K. S .  Development of the Wink S i nk  i n  
West Texas Due to  Sa lt Dissolution and  Col lapse . 
I N :  Karst Hydrogeology : Eng ineering and Environ­
mental Appl ication s .  Proceedings 2nd Mu lti­
d isc ip l inary Conference on S inkholes and the 
Environ mental I mpacts of Karst, Orlando, 1 987 ,  
B .F .  Beck and W . L. Wi lson , eds . ,  Ba lkema,  
Rotterdam ,  p .  1 27- 1 36 .  
Keyword(s ) : hydrology, geologic featu res, 
eng ineering  
Location (s) : Texas, Un ited States 
Johnson,  W ., G .  C. Mi tier .  Abandoned Coal-Mined 
Lands : Natu re, Extent, and Cost of Reclamation . 
U . S .  Bu reau of M ines, Special  Publ ications, 6-79,  
no.  3 ,  1 97 9 .  
Keyword (s ) :  reclamation , abandoned mines, 
economics, qoal m in ing  
Location (s) :  Un ited States 
Johnson ,  W .  L. , T. P. Bruns ing,  G .  F .  Dan a .  An 
Area Wide Approach to G round Stabi l i zation . I N :  
Proceed ings, Sympos ium o n  Evolution of Aban­
doned Mine Land Tech nologies, R iverton,  WY, 
J u n e  1 4- 1 6, 1 989 ,  p .  307-3 2 8 .  
This paper describes dri l l i ng  and cementatious 
grouting projects undertaken in Rock Spr ings,  
Wyoming,  in an attempt to stabi l i ze residentia l  un its 
on an ind ividua l  structure basis .  
Keyword (s) :  coal m in ing ,  abandoned mines, 
mitigation , grouting ,  structu ral m itigation , h istorica l ,  
p i l l a r  extraction , surface structu ral damage, 
geologic featu res, overburden 
Location (s) : Wyoming,  Rocky Mou nta in  Coal 
Reg ion,  Un ited States 
Johnston ,  G .  C. Su bsidence and Pi l lar  Recovery in  
West Area of  Marquez Mine, New Mexico . New 
Mexico Bu reau of Mines Mineral Research Memoir  
No .  1 5 , 1 963, p .  256-263 . 
Keyword (s) :  p i l lar  extraction 
Location (s) : New Mexico, Un ited States 
Jones, C .J . F . P .  The Performance of a Clasp System 
School Subjected to Min ing  Subsidence . M . S .  
Thesis, Un iversity of Newcastle-Upon-Tyne,  1 963 . 
Keyword (s) :  arch itecture, construction , su rface 
structural  damage, coa l m in ing ,  structu ral m it igation 
Location (s) : Un ited Kingdom 
Jones,  C .J . F . P . ,  J.  B .  Bel lamy.  Computer Prediction 
of Ground Movements Due to M in ing  S u bsidence . 
Geotechn ique,  v. 23,  no .  4, 1 973, p .  5 1 5-530.  
This article examines a method of determ in ing 
d isplacement, stra in ,  and stress components of 
ground deformation due to u n derground  m in i ng  
based upon the  theory of  elasticity and the  princ ip le  
of  superposition . 
Keyword (s ) :  vertical d isplacement, horizontal 
d isp lacement, prediction ,  computer 
Jones,  C .J . F . P . ,  W. J. Spencer .  The Imp l ications of 
Min ing  Subsidence for Modern H ighway Structu res . 
I N :  Large G round Movements and  Structu res,  
Proceedings I nternational  Conference, Un ivers ity of  
Wales I nstitute of  Science and Technology, Card iff, 
1 977,  J . D . Geddes, ed . ,  Joh n Wi ley & Sons,  New 
York, 1 978 ,  p .  5 1 5-5 26 .  
The  M 1 and M62 motorways in  Yorksh i re pass 
th rough active coa lfields . It was recogn ized duri ng  
the in itial design stages of  these roads th at bridges 
and structures wou ld  be subject to la rge  ground  
movements caused either by  the  col lapse of  o ld 
uncharted mine workings or as a resu lt of active 
min in g .  To cater for this, it was establ ished that ( 1 ) 
methods of predict ing the extent  of the ground  
movement would have to  be  developed and (2 )  
design tech n iques able to  accommodate th ese 
movements would be requ i red to prevent damage or 
1 96 
even the col lapse of the bridges and structures to 
be bu i lt on the motorway. 
Keyword (s } :  eng ineering ,  construction , roads, 
active mines, abandoned mines, coa l m in ing ,  
empi rica l  model , pred iction 
Location (s) : Un ited Kingdom 
Jones, C .J . F . P . ,  T.  D. O ' Rourke .  Min ing Subsidence 
Effects on Transportation Faci l ities . I N :  Mine 
I nduced S u bsidence : Effects on Eng ineered 
Structures ,  Proceedings of the Sympos ium,  
Nashvi l le ,  TN,  May 1 1 , 1 988 ,  ASC E  Geotechn ical 
S pecia l  Pub l ication No .  1 9 , p. 1 07- 1 26 .  
This paper presents case h istory information 
a bout m in i ng  subsidence effects on transportation 
fac i l it ies, i nc lud ing bridges, pavements, and 
cu lverts . Most of the f ie ld  observations perta in to 
longwa l l  coal m in ing  in the Un ited Kingdom, with 
commentary on how these experiences may app ly 
to practice in the Un ited States . M in ing  su bsidence 
deformations are discussed in  relation to the 
lengths of affected structu res . 
Keyword (s) : roads, longwal l ,  coa l m in ing ,  
Nationa l  Coa l  Board ,  room-and-p i l lar,  horizontal 
d isplacement, su rface structural damage, 
eng ineering ,  active mines, abandoned mines 
Location (s) : Un ited Kin gdom, United States 
Jones,  D. B . ,  H. J .  Siddle,  D. J .  Reddish ,  B. N .  
Whittaker .  Lands l ides and Underm in i ng :  S lope 
Stab i l ity I n teraction with M in ing  S ubsidence 
Beh aviour .  I N :  Proceedings International  Congress 
on Rock Mechan ics, Aachen,  1 99 1 ,  W.  Wittke, ed . ,  
v .  2 ,  p .  893-8 9 8 .  
T h e  paper reports on t h e  f ind ings of research 
into the relationsh ip  between landsl ide phenomena 
and the process of undermin ing  s loping ground 
su rfaces in the South Wales Coalfield . The ana lyses 
invo lved examination of field data from l ands l ide 
s ites su pported by a program of investigations 
us ing physical and n u merical model in g .  Interaction 
of m in ing  and geological  inf luences is demonstrated 
to be s ign if icant .  G eneral princ ip les of stab i l ity and 
the response of  h i l l  s lopes to  undermin ing  a re 
d iscussed . 
Keyword (s } :  geologic features, coa l m in ing ,  
physical  model ,  model i ng ,  f in ite element 
Location (s) : Wa les, Un ited Kingdom 
Jones, D. C . ,  J.  W .  H unt.  Coa l M in i ng .  The 
Pennsylvan ia State Un iversity, State Col lege, v. 3, 
1 950, 535 p .  
Keyword (s) : backfi l l i ng ,  coa l m in ing  
Location (s) :  Un ited States 
Jones, D .  H .  Two Case Histories of G round 
I nstab i l ity Caused by the  Interaction Between Brick 
Clay Quarrying and Underground M in in g .  I N :  
Proceedings,  SANGORM Symposiu m ,  October 2 1 ,  
1 986,  Sandton ,  South Africa, Internationa l  Society 
for Rock Mechan ics, South African Nationa l  G roup,  
p .  39-45 . 
Two case h istories are presented to i l l ustrate 
the geotechn ical interactions occu rri ng between 
relatively sha l low quarrying  for brickmaking 
materia ls and underground min ing  operations .  
Although the  interven ing vertical d istances between 
the d ifferent quarry floors and the u n derground  
workings may d iffer from less than  20 meters to 
more than a ki lometer, s inkholes are a common 
occu rrence .  Brief d iagnoses are made of the 
mechan isms responsib le for the unstable g round  
conditions in  each instance .  
Keyword (s ) :  geotech n ica l ,  non-meta l m in i ng ,  
abandoned mines, subsurface water, coa l m in ing ,  
meta l m in ing ,  surface structura l damage 
Location (s) :  South Africa 
Jones, S. Pneu matic Backfi l l i ng--A Method for 
Contro l l ing Abandoned Mine Subsidence . I N :  
Proceedings 2nd Workshop o n  S u rface S u bsidence 
due to Underground Min ing ,  Morgantown,  WV, 
June 9- 1 1 ,  1 986,  S .S .  Peng ,  ed . ,  West Virg i n ia 
Un iversity, p .  2 1 5-2 1 9 . 
M inor su bsidence damage to a school bu i ld ing  
and grounds in  Pennsylvan ia  prompted an inves­
tigation of a s ite . Th is investigation determined that 
subsidence over an  abandoned coa l mine was 
occu rri ng and that additiona l  damaging su bsidence 
wou ld occur  if reclamation measu res were not 
taken . 
Keyword (s ) :  pneu matic backfi l l i ng ,  abandoned 
mines, surface structura l  damage, coal m in ing  
Location (s ) :  Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Jones, T. J .  Strata Movements Induced by M in ing . 
Transactions, I nstitute of M in ing  Su rveyors, 
January, 1 945, v. 25 ,  Pt . 1 .  
Keyword (s ) :  subsurface subsidence damage 
Jones, T .  Z . ,  K .  K. Koh l i .  Su bsidence Over a Room 
and Pi l lar Mine in the Appalach ian Coa l Province . 
and the Use of Su bsidence Pred ictive Methods--A 
Comparative Analys is .  I N :  Research & Eng ineer ing 
Appl ications in Rock Masses, Proceedings 2 6th 
U .S .  Sympos ium on Rock Mechan ics, South Dakota 
School of Mines & Tech nology, Rapid City, J u ne 
1 9 7 
2 6-28 ,  1 98 5 ,  E .  Ashworth , ed . ,  Ba lkema, 
Rotterdam,  p .  1 79- 1 87 .  
Th is paper summarizes the resu lts of a 
subsidence mon itori ng program,  and provides a 
comparative ana lysis of the su bsidence data 
col lected with th ree popu lar  su bsidence prediction 
models that h ave been used in the region . The 
mon itor ing was conducted over a room-and-pi l lar  
pane l  in  south -centra l West Virg in ia . 
Keyword(s ) : prediction , pred iction theories, 
model i ng ,  Nationa l  Coal Board, profi le function , 
f in ite e lement, room-and-pi l lar, mon itor ing design ,  
survey data process ing ,  coa l m in ing ,  empirical  
model ,  angle of draw 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Josh i ,  R .  C . ,  D. W. Horsfield . Su rface Subsidence 
Due to Water Seepage and the Presence of Old 
M ine  Workings in  Southern Alberta, Canada . I N :  
Land  S u bsidence, Proceedings,  3rd I nternationa l  
Sympos ium,  Venice, Italy, March 1 9-25,  1 984, A . I .  
Johnson ,  L .  Carbogn i n ,  and L .  Uberti n i ,  eds . ,  IAHS 
Pu bl ication No. 1 5 1 ,  1 986,  p.  669-673 . 
Su rface subsidence, caused by undergrou nd 
coa l  extraction and su bsequent flooding of  the mine 
by grou ndwater, has occu rred in  southern Alberta , 
Canada . Records of m in ing  activity in the area are 
incomplete, compl icating  the eva luation of the 
overa l l  stab i l ity and safety of the s ite . 
Keyword (s) :  ra i l roads, abandoned mines, coal 
m in ing ,  geologic features, h istorica l ,  room-and­
p i l l a r, f loor stabi l ity, roof stab i l ity, t ime factor, 
surface structu ra l  damage, uti l ities 
Location (s ) :  Canada 
Josien , J .  P .  Methods of I nvestigation in  Longwa l l  
Faces . I nternationa l  Journa l  of Rock Mechan ics and 
M in i ng  Sciences & G eomechan ics Abstracts, v .  23,  
1 975 ,  p .  34 1 -345 . 
Keyword (s) : longwal l ,  rock mechan ics 
Jung ,  J . ,  H. H. J u n g .  Safeguard ing  Structu res in 
S u bsidence Areas . I N :  G round Movements and 
Structu res, Proceedings 4th I nternational  
Conference,  Un iversity of Wales Col lege of Card iff,  
J u ly 8- 1 1 ,  1 99 1 ,  J . D .  G eddes, ed . ,  Pentech Press, 
London,  1 992 ,  p. 4 1 1 -429 . 
Developments in m in ing  techn iques, especia l ly 
g reat increases in  the speed of m in ing ,  have lead to 
a measurable increase in deformations at the 
ground surface, caus ing undu lations or discon­
tin u ities and su bsequently heavy damage to 
bu i ld ings and structu res, sometimes even to the 
point of their tota l loss . Bu i ld ings sensitive to 
deformation e . g .  without sufficient e lasticity, to be 
erected in  areas of extreme su bsidence movements 
have to be made safe in their  enti rety. Such a 
procedure is not acceptable for most of these 
bu i ld ings for economic reason s .  
Keyword (s) :  surface structural damage, active 
mines, structural m it igation ,  foundations,  hori zontal 
d isplacement, soi ls, vertica l d isplacement, coal 
min ing 
Location {s) : Germany 
1 9 8 
J u ntunen , R . ,  M .  H ie l ,  B. Mund ie .  Recla iming 
Orphaned Lands Using  a Pneumatic Backfi l l  
Process. American Society of Agricu ltu ra l  Eng ineers 
S u mmer meeting ,  Bozeman , MT, June  26,  1 983,  
ASAE Paper No .  83-2035,  1 2  p .  
Keyword {s) : pneu matic backfi ll i ng  
Kal ia ,  H .  N .  Understand ing Coal Geology Can 
Improve Underground Mine Productivity and 
Safety . Presented at AI M E  Annua l  Meeting ,  Las 
Vegas, NV, February 22-26,  1 97 6 .  Preprint No .  7 6-
AM- 1 9 , 1 4  p .  
Keyword (s } :  m ine  safety, geologic features, 
coa l  m in ing  
Location (s} : Un ited States 
Kane,  W. F . ,  R. M .  Ben nett, _ P . A .  Lee . Testin g  
Program for Earth-Structu re Analysis of M ine  
Subsidence. Report for U .S .  Bu reau of  Mines 
Contract N umber S027058 and I l l i nois  M ine  
Subsidence Insurance Fund,  Geomechan ics 
Engineering  Group,  Department of Civi l 
Eng ineering ,  Un iversity of Ten nessee, Knoxvi l le,  
March 1 988 ,  55 p .  
I n  order to ful ly characterize materia l  behavior 
at an I l l i nois subsidence test foundation s ite, a 
series of tests were performed . The resu lts wi l l  be 
used in  future n umerica l ana lysis of su bsidence 
events . An extensive series of d i rect shear  tests 
ind icate that the construction tech n ique  of us ing 
sand and plastic under the fou ndation to min imize 
min ing- induced damage may not be necessary for 
all s ituations .  The ideal interface is  a fu nction of the 
stiffness and shear  strength parameters . 
Keyword (s} :  fou ndations, active mines, soi l  
mechan ics, eng ineering ,  soi ls, coa l m in ing ,  su rface 
structu ra l  damage, structural  m itigation 
Location (s} :  I l l i nois,  I l l i nois Coal Basi n ,  Un ited 
States 
Kane, W .  F . ,  T. L. Triplett, R .  E. Yarbroug h ,  E. W .  
Murphy.  Earth-Structure I n teraction Analysis for 
Subsidence Damage M itigation . I N :  Proceedings,  
Sympos ium on Evolution of  Abandoned Mine  Land 
Technolog ies, R iverton,  WY, June  1 4- 1 6, 1 989 ,  p .  
79-98 .  
Keyword (s} : structu ra l  m itigation,  fou ndations,  
computer, insurance, surface structu ral damage, 
model ing ,  f in ite element, h igh-extraction retreat, 
soi ls, coal m in ing  
Location (s} :  I l l inois,  I l l i nois Coa l  Basi n ,  Un ited 
States 
Kane, W .  F . ,  R .  M .  Ben nett, E .  C .  Drumm . 
Construction and I nstrumentation of Test 
Foundations for Su bsidence Damage Assessment. 
I N : Proceed ings,  3rd Conference on G round Control 
Problems in  the I l l inois Coal Bas in ,  Mt. Vernon , I L, 
August 8- 1 0, 1 990, Y. P .  Ch ugh ,  ed . ,  Southern 
I l l inois Un iversity, Carbondale, p. 3 1 1 -32 1 . 
1 9 9 
Research i nto the effects of subsidence on 
structures is  l im ited . A site above a longwal l  panel 
in southern I l l i nois was selected to construct test 
fou ndations . Severa l sha l low fou ndation des igns 
were bu i lt to investigate var ious damage m itigation 
schemes . Fou ndation designs inc luded the use of 
p la in  concrete, reinforced concrete, post-tensioned 
concrete, concrete with p lastic and sand u nder­
l ayment, and concrete mixed with steel fibers . The 
project i nc ludes six para l lel str ip foundations at two 
test sites : one group  is on the centerl ine of the 
approach i ng  longwal l  panel  and the other is  in  the 
predicted zone of maximum tension . To measure 
behavior du ri ng  the event, the foundations and 
su rrou nd ing  soi l  were mon itored with su rvey 
monu ments, strai n  gages, ti lt meters, exten­
someters, soi l  stra in gages, and i ncl inometers . 
Keyword (s} : fou n dations,  coal m in ing ,  active 
mines, construction,  instru mentation , surface 
structu ra l damage, longwal l ,  structural mitigation , 
arch itectu re, 'f in ite e lement, computer, survey 
methods, h orizonta l  d isp lacement, vertical 
d isplacement, mon itori ng  equ ipment, mon itoring  
methods 
Location (s ) :  I l l i nois, I l l i nois Coa l Basin ,  Un ited 
States 
Kanesh ige, 0. Methods of Underground Excavation 
to Avoid Damage to Existin g  Structures or Their 
Removal Because of Subs idence . I N :  Geological and 
G eograph ical Problems of Areas of H igh Popu lation 
Density, Proceedings of Symposiu m  at Annua l  
Meetin g  of  Association of  Eng ineering  Geolog ists, 
Wash ington , D . C . ,  October 23, 1 970.  
The a uthor reviews su bsidence parameters and 
specific Japanese min ing considerations such as 
h igh  popu lation densities, d ipp ing seams, and local 
geology . In reference to prevent ing or reduc ing 
subsidence damage, the author discusses safety 
p i l lars ,  a p i l lar  system of coa l m in ing ,  fu l l  stowing ,  
and ha rmonic  extraction . Various appl ications of 
these methods are reviewed . 
Keyword (s ) :  g round control,  p i l lar  strength , 
stowing,  land-use p lann ing,  surface structu ra l 
damage 
Location (s) : Japan 
Kan lybayeva, Z .  M.  Dynamics of Displacement of a 
Stratu m Under the I nf luence of Working  Gently 
Dipp ing Coal Seams Based on Geological Data . I N :  
Proceedings 4th I nternationa l  Conference o n  Strata 
Control and Rock Mechan ics, May 4-8 ,  1 964, 
Henry Kru mb School  of Mines, Colu mbia University, 
New York, 1 965, Supp lementary volume, 1 2  p .  
Keyword (s) : coa l m in ing ,  geologic features, 
ground control 
Kantner, W. H .  Su rface Su bsidence Over the 
Porphyry Caving Blocks, Phe lps Dodge Corporation , 
Copper Queen Branch . AI M E  Tech n ica l  Pub l ication 
552,  1 934, 1 3  p . ;  also, Transactions,  A I ME ,  v. 
1 09 ,  1 934, p. 1 8 1 - 1 94 .  
Keyword (s) :  meta l m in ing ,  surface su bsidence 
damage 
Location (s) : Un ited States 
Kapp, W. A . ,  R. C. Wi l l iams.  Extraction of Coal in  
the Sydney Basin from Beneath Large Bodies of 
Water.  I N :  Proceedings, Conference of the 
Austra lasian I nstitute of Min ing & Meta l lu rgy, 
1 97 1 . 
Keyword (s) :  surface water, subsurface water, 
coa l min ing 
Location (s) : Austra l ia  
Kapp, W .  A .  Subsidence DuE3 to Underground 
Coa lmin ing . Mine and Quarry Mechan isation , 1 97 2 ,  
p .  1 1 5- 1 2 1 . 
This paper presents genera l characteristics of 
su bsidence over underground coa l m ines,  inc lud ing 
su bsidence mechan ics, surface effects and 
protection , and precautions for m in ing  u n der water .  
Keyword (s) :  surface structu ral damage, mine 
design ,  coal m in ing ,  surface water 
Location (s) : Austra l ia  
Kapp, W.  A. Mine Subsidence.  I N :  Proceedings 4th 
An nua l  Symposium on Subsidence in M ines, Wol­
longong, Austra l ia ,  February 20-22,  1 973,  A . J .  
Hargraves, ed . ,  Australasian I nstitute M i n i n g  & 
Meta l l u rgy, l l lawarra Branch,  Paper 1 ,  p .  1 - 1  - 1 -9 .  
G round movements occur  i n  areas where f lu ids 
or minerals are removed from below the surface . 
The types of movements and their magn itudes 
depend main ly on the nature and extent of the 
min ing  operation . 
Keyword (s) :  coa l m in ing ,  meta l m in ing ,  fl u id  
extraction ,  vertica l disp lacement, horizontal 
d isplacement, geolog ic featu res 
Kapp, W. A. Subsidence Kemira Col l iery, New 
South Wa les . I N :  Proceedings 4th An n ua l  Sym­
pos ium on Subsidence in  Mines, Wol longong,  
Austra l ia ,  February 20-22,  1 973,  A.J .  Hargraves, 
ed . ,  Australasian I nstitute Min ing  & Meta l lu rgy, 
l l lawarra Branch,  Paper 7 ,  p. 7- 1 - 7-9 . 
Subsidence investigations are being  conducted 
over longwal l  panels and areas of p i l lar  extraction in  
200 
the coalfields around Sydney .  The investigations 
wi l l  assist in futu re mine p lann ing  in areas where 
su rface movement shou ld  be considered . One  of 
the subsidence stud ies is at Kemira Col l iery, where 
the investigations covered five longwal l  panels . The 
surface is rugged over these panels,  and the depth 
of cover over the seam varies considerably.  Some 
surface cracking developed . The maximum ob­
served subsidence was 1 . 1 meters, and the p i l lars 
that were left between the panels affected the 
subsidence profi le .  The curves associated with the 
subsidence movements were calcu lated from the 
su rvey observations and show the effects of 
surface topography, geology, and the min ing  
operations on ground movements . A comparison 
of the observed movements with correspond ing  
predicted va lues shows that  there was s ign ificantly 
less subsidence th an th at expected from the 
calcu lated values .  
Keyword (s) : surface su bsidence damage,  coal 
m in i ng ,  longwal l ,  pi l lar extraction , survey data 
process ing ,  prediction,  su rface water 
Location (s) :  Austra l ia  
Kapp, W. A .  Study and Eva luation of the Elements 
of S u rface S u bsidence Observed at Kemira Col l iery, 
New South Wales . M . S .  Thesis, Un iversity of 
S idney, Austra l ia ,  1 974, 1 05 p .  
Keyword (s) :  coal m in ing  
Location {s ) : Austra l ia  
Kapp, W.  A .  The Characteristics of  Subsidence Due 
to Underground Coal Min ing at Newcastle,  New 
South Wales . I nternationa l  Association of 
Hydrolog ical Sciences Pub l ication 1 2 1 ,  1 976,  p .  
409-42 1 .  
Keyword (s) : coa l m in ing  
Location (s) : Austra l ia 
Kapp, W. A .  The Characteristics of a S u bsidence 
Trough Over an Area of Underground Coa l M in ing . 
I N :  Proceedings,  2nd  I nternationa l  Symposiu m  on 
Land S u bsidence, No. 2, December 1 3- 1 7 , 1 976,  
Anahe im,  CA. (NT IS  Accession No .  78-03 1 1 7 ) 
Keyword {s) : coa l m in ing  
Location {s) : Austra l ia  
Kapp, W. A .  S u bsidence I nvestigations in  the 
Northern Coalfie ld,  New South Wales,  and Their  
Appl ication to the Design of Mine Layouts in  
Residential  Areas .  Presented at 1 1 th Common­
wealth M in ing  and Meta l l u rgy Congress, Hong 
Kong ,  May 1 978 ,  I nstitute Min ing  and Meta l l u rgy, 
London , Paper 32, 1 1  p .  
Th is paper summarizes resu lts of subsidence 
su rveys over longwal l ,  shortwa l l ,  and room-and­
p i l lar  panels in  New South Wales, Austra l ia . 
Underground extraction is related to surface 
subsidence . 
Keyword (s) :  vertical d isplacement, horizonta l  
d isplacem·ent, mine des ign,  coa l  min ing,  longwal l ,  
shortwal l ,  room-and-pi l lar  
Location (s) :  Austra l ia  
Kapp, W. A .  A Study of M ine  Subsidence at Two 
Col l ieries in the Southern Coalfie ld,  New South 
Wales . I N :  Proceedings, Austra lasian I nstitute 
Min ing  & Meta l lu rgy, n o .  276,  December, 1 980, 
p .  1 - 1 1 .  
Urban development to the south of Sydney is  
approach ing areas of current and proposed coal  
m in ing . Al ready some structures and residentia l  
areas are affected by min ing  subsidence . S u b­
sidence resu lt ing from either conventiona l  p i l lar  
extraction methods or longwal l  min ing has been 
mon itored for 1 5  years to enable the characteristics 
of the surface deformation to be determ ined . The 
vertical and horizontal displacements of survey 
stations on the surface are mon itored and the re­
su lts are used to calculate su bsidence, changes in 
slope of the surface, curvatu res a long the sub­
sidence profi le, and the tens i le  and compressive 
stra ins .  These features are in turn related to the 
underground extraction to g ive a description of 
su rface su bsidence and the development of 
su bsidence with time . 
Keyword (s) :  coal m in ing ,  vertica l  d isplacement, 
horizontal d isplacement, active m ines ,  mon itoring  
methods, t ime factor, longwal l ,  p i l l a r  extraction 
Location (s} : Austra l ia  
Kapp, W .  A.  Su bsidence from Deep Longwal l  
Min ing of Coal Overla in by Massive Sandstone 
Strata . I N :  Proceedings,  Conference of Austra las ian 
Institute Min ing & Meta l l u rgy, J u ly, 1 98 1 ,  Sydney, 
New South Wales, p. 229-246 . 
Min ing  is taking place at increas ing depths of 
cover on the Southern Coalfield beneath pre­
dominantly massive sandstone strata . With in  the 
next 20 years, there wi l l  be longwal l  m in ing  at 
depths greater than 600 m. As the Sydney metro­
.Politan area continues to expand and as coal m in ing  
· approaches these u rban areas su bsidence wi l l  
continue  to become an i ncreas ing ly important  
aspect of  coa l  m in ing  research . 
Keyword (s) :  longwal l ,  coal  m in ing ,  geologic 
features, prediction , su rface structural damage, 
land-use plann ing ,  pi l lar extraction ,  survey methods, 
20 1 
vertical d isplacement, horizontal d isplacement, p i l lar  
strength , mon itoring  methods, p ipel i nes 
Location (s) : Austra l ia  
Kapp,  W. A .  A Review of Subsidence Experiences 
in  the Southern Coalfie ld,  New South Wales, 
Austra l ia . I N :  State-of-the-Art of G round Control in 
Lon gwal l  M in i ng  and Min ing  Subsidence, 
September, 1 982,  Y. P .  Chugh and M. Karmis, eds . ,  
S M E-AI M E, p .  1 67- 1 8 2 .  
Coa l i s  bei ng  m ined from beneath residential  
areas, structures, bodies of water and other su rface 
featu res in the coalfields to the north , south and 
west of  Sydney .  The particu lar problems faced by 
m ine  operators in these areas vary considerab ly due 
to  d ifferences in  the overlying strata, the  variation 
in  the depths of cover and a lso depend on the 
n u m ber of seams be ing m ined .  
Keyword (s) : coal  m in ing ,  su rface structu ra l 
damage,  surface water, geologic featu res, m u lt ip le­
seam extraction ,  pred iction,  empirical model,  inf low 
Location (s) : Austra l ia  
Kapp,  W. A .  M ine  Subsidence in the Newcastle 
District, New South Wales . Transactions I nstitution 
of Eng ineers ,  Austra l ia ,  CE27,  no. 4, 1 985,  p .  
33 1 -340 . 
Coa l is being  mined from seams below u rban 
areas aroun d  the City of Newcastle .  When sub­
·sidence occu rs as a resu lt of th is m in ing ,  homes 
and other structures can be affected . The massive 
and  strong conglomerates of the Newcastle area 
h ave a s ign if icant effect on the va lue of the maxi­
m u m  subsidence, and an empirical method to 
predict sub isdence and stra in  has been developed . 
Panel  and p i l lar  m in ing  layouts are designed for 
maxi m u m  coa l recovery consistent with smal l  
va l ues of maxi m u m  subsidence . Longwa l l  extraction 
is now taki ng  place, us ing empirica l ly establ ished 
g u ide l ines,  beneath the Pacific Ocean ,  Lake 
Macquarie ,  and their  sh ore l ines .  
Keyword(s) : coal m in ing ,  prediction ,  empirical 
model ,  survey methods, vertical d isplacement, 
h orizontal d isp lacement, su rface structural damage, 
geologic features, longwal l  
Location (s) :  Austra l ia  
Kapp, W .  A .  M ine  Subsidence in New South Wales : 
Its Effects on S u rface Features and Structu res . I N :  
Proceedings,  SANGORM Symposiu m :  The Effect of 
Underground M in ing  on Su rface, Sandton, South 
Africa, October, 1 98 6, I nternationa l  Society for 
Rock Mechan ics-South African G roup,  1 8  p .  
Coa l is being mined from beneath residentia l  
areas, structu res, bodies of  water and other fea­
tures in  the coalfields to the north , south and west 
of Sydney. The min ing  layout and the local 
geological  setting  are the two main factors in­
f luencing the natu re of ground movements and 
subsidence . Loca l ly establ ished empir ical gu ide­
l ines assist in the p lan n ing  of mine layouts in  a reas 
where su bsidence is an important consideration .  
Keyword (s) : surface structu ral damage, coal 
m in ing ,  pi l lar extraction , surface water, m ine  
design ,  fin ite element, mathematical model,  
model ing,  land-use plann ing ,  inflow 
Location (s) : Austra l ia  
Kapp, W .  A . ,  P .  Ken nerley. Subsidence and Strata 
Control Under Stored Waters in the Southern 
Coa lfie ld, New South Wales . I N :  Proceed ings,  
Sympos ium on G round Movement and Contro l  
Related to Coal  Min ing,  l l lawarra , Austra l ia ,  August, 
1 98 6, N . I . Aziz , ed . ,  Australasian I nstitute of 
Min ing  and Meta l l u rgy, p. 34 1 -35 1 . 
Va luable coal reserves in the Southern Coalf ield 
l ie beneath stored waters . A study was made of 
two d ifferent min ing  methods, bard-and-p i l lar  and 
p i l l a r  extraction ,  for use under stored waters with in  
the  l imits specified by  the  NSW Dam Safety 
Committee. P i l lar  mon itor ing and mathematica l  
model ing approaches demonstrate that recovery of 
coal  us ing these layouts can be improved above 
that specified, without affecting long-term stabi l ity 
of the surface structu res . 
Keyword (s ) :  coal m in ing ,  surface water, room­
and-pi l lar, p i l lar  extraction , monitor ing methods, 
model ing,  mathematical model,  active m ines 
Location (s ) :  Austra l ia  
Karfakis, M.  G.  Mechan isms of Ch imney 
Subsidence Over Abandoned Coal M ines .  I N :  
Proceedings, 6th I nternational  Conference on 
G round Control in Min ing ,  June 9- 1 1 ,  1 987 ,  S . S .  
Peng ,  ed . ,  Department of Min ing Eng ineering ,  West 
Virg in ia  Un ivers ity, Morgantown, p. 1 95-203 . 
Ch imney subsidence is defined, and the factors 
control l ing the development of su bsidence s in kholes 
are identified . The mechan isms involved in ch imney 
development and means of early identification of 
impending ch imney subisdence are d iscussed . 
Keyword (s ) :  abandoned mines, surface 
structu ral damage, coal m in ing ,  roof stab i l ity 
Location (s) :  Pennsylvan ia ,  Wyoming ,  North 
Dakota , I l l i nois, Colorado, Appalach ian Coal Reg ion,  
I l l inois Coal Basin ,  Rocky Mou nta in  Coa l  Region , 
Un ited States 
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Karfakis, M .  G . ,  G .  Beach,  J ,  C. Case . S u bsidence 
Problems in Wyoming and Their Socia l  Impact . I N :  
Proceed ings Nationa l  Symposiu m  o n  Min ing ,  
Hydrology, Sedimentology and Reclamation , 
December 7- 1 1 ,  1 987 ,  S pringfield, I L. Un ivers ity of 
Kentucky, Lexington ,  p. 209-2 1 5 . 
The paper g ives a brief background on the 
geology of the Wyoming min ing  districts and on the 
m in ing  method used . Subsidence characteristics, 
types, poss ible mechan isms and factors are d is­
cussed . The potential  socio-economic impacts on 
commu nities are presented . Su bsidence occu r­
rences in various locations are reviewed . Past, 
present and future su bsidence mitigation projects 
are outl ined . Futu re needs of su bsidence prone 
areas, such as prediction , r isk eva luation ,  and 
mon itor ing are assessed . 
Keyword (s) :  abandoned mines ,  coal m in ing ,  
su rface structu ra l damage, land-use plann ing ,  l and  
mit igation,  h istorica l ,  hydrau l ic backfi l l i ng ,  grout ing 
Location (s) : Wyoming,  Rocky Mou ntain Coal 
Reg ion,  Un ited States 
Karfakis,  M . ,  S .  Barnard,  J .  Murphy .  Su bsidence 
Abatement Projects in Wyoming--An Overview. I N :  
Conference o n  M ine  I nduced Subsidence : Effects on 
Eng ineered Structures, Nashvi l le, TN, May . 1 1 ,  
1 98 8 ,  ASCE Geotech n ical Special  Publ ication No .  
1 9, p .  33-5 2 .  
Abatement projects were undertaken to prevent 
or  m in im ize. fu rther subsidence in  Wyoming com­
m u n ities . The paper gives a brief h istorical back­
g round on local m in ing  activity . Subsidence charac­
teristics and occurrences in  various commun ities are 
presented . Locations of key abatement projects and 
reasons for  their  selection is g iven . Selection 
criterion for backfi l l i ng  and grouting methods and 
the tech n iques themselves are presented . Problems 
encou ntered are discussed . Successful  projects are 
ana lyzed . Recommendations for futu re projects are 
g iven . 
Keyword (s) : hydrau l ic backfi l l ing ,  grouting ,  
abandoned mines, coa l m in i ng ,  engineering ,  land 
m itigation,  reclamation 
Location (s) : Wyoming ,  Rocky Mou nta in  Coal 
Region ,  Un ited States 
Karfakis, M .  G . , K .  D. Basham,  B. A. Su prenant, W .  
L .  Johnson . S pecifications a n d  Recommendations 
for Residential  Construction Subject to Grou nd 
Movements Related to Mine  Subsidence . Report to 
Department of Environ menta l  Qua l ity by Univers ity 
of Wyoming,  M in i ng  Eng ineering,  1 988 ,  contract 
n o .  5/3878 1 .  
Th is document is intended as a s impl ified g u ide 
to he lp contractors, bu i ld ing inspectors, city offi­
cials, and homeowners . The purpose is to provide 
gu idel ines, pr inciples ,  criteria ,  and recommendations 
that wi l l  enable the arch itectura l  eng ineeri ng  and 
construction professions to design and construct 
bu i ld ings to min imize damage due  to ground 
movements related to  mine su bsidence.  
Keyword (s) :  i nsurance, surface structu ra l 
damage, construction , fou ndations,  uti l it ies, 
abandoned mines 
Location (s) : Wyoming,  Rocky Mou ntain Coal 
Region,  Un ited States 
Karfakis, M .  G . , E. Topuz .  Mechan ism of Res idua l  
Subsidence Triggered by Post-Abandon ment 
Flood ing .  I N :  Mine S u bsidence - Prediction and 
Control , National Symposiu m ,  33rd Ann ua l  Meetin g  
of t h e  Association of Eng ineering Geolog ists, 
October 2-3 , 1 990, C . D .  E l ifrits, ed . ,  Pittsburg h ,  
PA, p .  2 1 -2 5 .  
Residua l  su bsidence i s  a major concern over 
abandoned mine lands.  The risk and du ration of 
residua l  su bsidence is of particu lar  importance from 
the standpoint of damage to structures bu i lt after 
the mine has been abandoned,  especia l ly in cases 
where the surface land is bel ieved to be stab i l i zed .  
Th is paper presents an analytica l  eva luation of the 
interaction of various factors contribut ing to sub­
sidence and inc ludes the effects of water on the 
geotechn ical properties of mine rocks . 
Keyword (s ) :  abandoned mines, surface 
structural damage, su bsu rface water, coal m in i ng ,  
p i l lar strength , overburden , geotechn ical  
Location (s) :  United States 
Karfakis, M. G . , E. Topu z .  Post M in ing  S u bsidence 
Abatements in Wyoming Abandoned Coal M ines .  
Min ing Science and Technology, v .  1 2 , no .  3 ,  May, 
1 99 1 ,  p.  2 1 5-23 1 . 
Coal has been mined conti nuously i n  Wyoming  
since 1 865 . Nearly a l l  t he  coal produced in t he  first 
90 years of min ing was from underground bitu mi­
nous m ines . Subsidence has been a threat in 
Wyoming since the beg inn ing  of coal m in ing ,  
constitut ing an extreme danger to  pub l ic  hea lth , 
safety, and property. As a consequence,  Wyoming  
mine subsidence problems q ua l ify for  the h ighest 
Priority of fund ing u n der the Surface M ine  Control 
Reclamation Act of 1 97 7 .  
Keyword (s ) :  abandoned mines,  coal m in ing ,  
bitu minous,  hydrau l ic  backfi l l i ng ,  g routing ,  
h istorica l ,  room-and-pi l lar ,  p i l l a r  extraction ,  land-use 
Plann ing 
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Location (s ) :  Wyoming,  Rocky Mounta in  Coa l 
Reg ion,  Un ited States 
Karlsru d ,  K . ,  L .  Sander.  Su bsidence Problems 
Caused by Rock-Tun n el l i ng  in  Os lo .  I N :  Eval uation 
and Pred iction of Su bsidence, Proceedings 
I n ternationa l  Conference, Pensacola Beach,  F L, 
January, 1 978 ,  S . K .  Saxena, ed . ,  ASCE, New York, 
1 97 9 ,  p .  1 97-2 1 3 . 
A new rai l road tunnel con necting  the east and 
west bou n d  l i nes out of  the  city of  Os lo  is presently 
u n der construction . One  part of this tu nne l  goes 
th rough  bedrock at a depth of 20 to 40 meters 
below g round  surface . Above and a long the tu nnel ,  
there are a n u mber of clay fi l led depressions i n  the 
bedrock .  Past experience has shown that leakage in 
con n ection with tun nels or excavations very easi ly 
can cause reduction of pore water pressures in a 
relatively th in  sandy layer normal ly found at the 
bottom of these depressions and th us cause 
consol idation (subsidence) of the c lay layer .  
Keyword (s) : surface subsidence damage, 
subsurface su bsidence damage, tu nnel l ing ,  geologic 
features 
Location (s) : Norway 
Karmis,  M . ,  C .  Haycocks, I .  E itan i ,  8. Webb.  A 
Study of Lon gwal l  Su bsidence in the Appalach ian 
Coal Reg ion Using F ie ld  Measurements and 
Computer Mode l ing Techn iques .  I N :  Proceedings 
1 st Conference on G round Control in Min ing ,  Ju ly 
27-29,  1 98 1 ,  S . S .  Peng,  ed . ,  West Virg in ia 
Un iversity, Morgantown , p .  220-229 . 
Th is  paper describes the use of field 
measu rements and computer-model ing techn iques 
to develop basic relationsh ips between longwal l  
subsidence and related parameters . It  summarizes 
subsidence trends of the Appalachian Coa l Reg ion,  
with a brief reference to the zone-area method of 
pred iction . 
Keyword (s) : vertical d isplacement, horizontal 
d isplacement, su rvey data processing ,  longwal l ,  
computer, g round control ,  prediction,  model i ng ,  
su rvey methods, zone area,  coa l  m in ing 
Location (s) :  Appa lach ian Coa l  Region,  Un ited 
States 
Karmis, M . ,  G .  Goodman,  C. Haycocks, I .  Eitan i .  
Computer Model i ng  of M in ing  Subsidence Using  the 
Zone  Area Method . I N :  Proceed ings, 22nd U . S .  
Sympos ium o n  Rock Mechan ics, Cambridge, MA, 
June  29-J u ly 2, 1 98 1 ,  Massach usetts I nstitute 
Tech nology, Cambridge, p .  272-2 7 7 .  
Keyword (s ) :  rock mechan ics, computer, zone 
area, model ing 
Location (s } :  Un ited States 
Karm is, M . ,  G .  Goodman ,  C. Haycocks, T. Trip lett . 
The Development and Testing of a Reg iona l ized 
Subsidence Pred iction Model . I N :  Proceed ings,  1 7th 
I nternational  Sympos ium on Computer Appl ications 
in  the Min ing I ndustry, Denver, CO, Apri l 1 9-23,  
1 982 ,  p .  240-25 2 .  
Keyword (s } :  computer, prediction , model ing  
Location (s) : Un ited States 
Karmis, M . ,  C. Haycocks, B. Webb, T. Trip lett . 
Potentia l  of the Zone Area Method for M in ing  
Subsidence in the  Appalach ian Coalfie ld . I N :  
Proceedings, Workshop o n  Surface S u bsidence 
Due to Underground Min ing ,  Morgantown , WV, 
November 30-December 2 ,  1 9 8 1 , S . S .  Peng and M .  
Harth i l l ,  eds . ,  Department of M in ing  Eng ineeri ng ,  
West Virg in ia Un iversity, 1 982 ,  p .  48-59 . 
Th is paper deals with the development and  
testing of  a subsidence prediction model,  based on  
the  zone  area method . The  latter tech n ique  is  a 
refined development of the influence function and is 
well su ited for computer ana lysis .  Furthermore, 
such model ing is capable of handl ing  u n iform as 
wel l as non-un iform extraction patterns and can 
facil itate both longwal l  and room-and-p i l lar  m in i ng  
systems.  I n  addition ,  s ince the  objective of  th is  
study was to develop reg iona l  subsidence trends,  a 
comprehensive subsidence data bank is be ing  
establ ished for the  Appalach ian coalfie ld,  wh ich 
inc ludes pu bl ished as wel l  as unpubl ished 
information on su bsidence measurements . 
Keyword (s): zone area, coa l m in ing ,  model i ng ,  
influence fu nction , prediction , longwal l ,  room-and­
pi l lar  
Location(s} : Appalachian Coal Reg ion ,  Un ited 
States 
Karmis, M . ,  C. Haycocks . Computer S imu lation of 
Min ing  Subsidence Using the Zone Area Method . 
Department Min ing  and Min eral Eng ineering ,  
Virg in ia Polytech n ic I nstitute and State Un ivers ity, 
March , 1 983,  62 p .  
This report presents a zone  area method 
computer program designed to predict a complete 
su bsidence profi le for seam gradients u p  to 20 
degrees . It describes the method and h ow the 
program was developed to use i t  for  both longwa l l  
and room-and-pi l lar min ing operations .  
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Keyword (s} : . vertical d isp lacement, zone area, 
computer, pred iction , longwal l ,  room-and-pi l lar ,  
model ing  
Location (s} : Appa lach ian Coa l Region , lllinoi� 
Coal Bas in ,  Rocky Mounta in  Coal Region , Un ited 
States 
Karmis,  M . ,  T.  Trip lett, C. Haycocks, G .  Goodman . 
M in i ng  S u bsidence and its Prediction in the 
Appalach ian Coa lfie ld . I N .: Proceedings, 24th U . S .  
Sympos ium o n  Rock Mechan ics, Texas A & M 
Un iversity, June  20-23, 1 983,  p .  665-675 .  
Keyword (s) : prediction , coa l m in ing ,  rock 
mechan ics 
Location {s} : Appalach ian Coal Region , Un ited 
States 
Karmis, M . ,  C. Haycocks, T. Trip lett. Ground 
Settlement and Deformation Characteristics Above 
Underm ined Areas--Experiences from the Eastern 
U . S .  Coalfields . I N :  Proceedings 4th Austra l ia-New 
Zealand Conference on Geomechan ics, Perth , 
Austra l ia ,  May 1 4- 1 8 , 1 984, p .  647-653 .  
Keyword (s } :  coal m in ing ,  overburden 
Location (s) : Appalach ian  Coal Region , Un ited 
States 
Karmis,  M . ,  T. Trip lett, P. Sch i l i zz i .  Recent 
Developments in  Subsidence Prediction and Control 
for the Eastern U . S .  Coalfields . I N :  Rock Mechan ics 
in Productivity and Protection , Proceedings 25th 
U .S .  Symposiu m  on Rock Mechan ics, Northwestern 
Un iversity, Evanston , I L, June  25-27,  1 984, C . H .  
Dowding and M . M .  S ingh , eds . ,  S M E-AI M E, New 
York, p .  7 1 3-72 1 . 
Th is paper presents a summary of the major 
fi nd ings derived from a substantia l  research effort 
on m in ing  su bsidence carried out, duri ng  the past 
few years, i n  the southern Appalachian coalfiel d .  
The research program encompassed the  fol lowing 
major tasks : identification of the most sign ificant 
factors inf luencing ground movements above mined 
open ings, col lection of subsidence case studies for 
the southern Appalach ian coa lfie ld,  development of 
su bsidence and stra in prediction techn iques for th at 
reg ion,  and in itiation of a subsidence mon itori ng  
program in  southwestern Virg in ia . 
Keyword (s } :  prediction , grou nd control ,  coal 
m in i ng ,  active mines, rock mechan ics 
Location (s} : Virg in ia ,  Appa lachian Coa l Reg ion , 
Un ited States 
Karmis, M . ,  G .  Goodman,  G .  Hasenfus .  S u bsidence 
Prediction Techn iques for Longwa l l  and Room and 
Pi l lar Panels in  Appa lach ia . I N :  Proceedings, 2nd 
Internationa l  Conference on Stab i l ity i n  Under­
ground Min ing ,  A I M E  and Un iversity of Kentucky, 
August 6-8, 1 984, p. 541 -553 . 
Keyword (s} : prediction,  longwal l ,  room-a nd­
pi l lar ,  active mines,  coal m in ing  
Location (s } :  Appalach ian Coal Region , Un ited 
States 
Karmis, M . ,  P. Sch i l l i zz i . Development of a 
Su bsidence Mon itoring Program for the Southern 
Appa lachian Coalfield .  I N :  G round Movements and 
Structu res, Proceed ings 3 rd I nternationa l  
Conference, Un ivers ity of Wales I nstitute of 
Science and Technology, Cardiff, J u ly 1 984, J . D .  
Geddes, ed . ,  Pentech Press, London,  1 985 ,  p .  
223-239 .  
The growing recogn ition of m in ing  su bsidence 
and its associated effects h as provoked n u merous 
investigat ions into the analysis, prediction , and 
model ing of  th is  phenomenon , us ing theoretical as 
wel l  as empirical tech n iques .  However, a carefu l 
review of the most prevalent of these techn iques 
demonstrated clearly that such su bsidence studies 
do not describe satisfactori ly the type and mag­
nitude of the ground movements experienced i n  the 
Appalachian coa lfie ld . The characteristic topo­
graph ic conditions, the complex l itholog ic and 
structu ra l  geologic environment, and the  local 
mining methods have a l l  g reatly contributed to the 
rather disti nctive subsidence trends encountered 
in that region . Consequently, to meet the need for 
representative and accurate subsidence and stra in  
prediction methods, the development of  empirical 
grou nd deformation models was attempted for the 
Appalachian region . Th is task was based on a 
comprehensive ana lysis of exist ing case studies as 
wel l  as on a detai led and complete subsidence 
mon itoring program .  
Keyword(s) : survey equ ipment, survey 
methods, mon itor ing methods, mon itor ing methods, 
coal  m in ing ,  active mines, prediction,  empir ical 
model , longwal l ,  room-and-pi l lar  
Location (s} : Virg in ia ,  Appalach ian Coa l Reg ion,  
Un ited States 
Karmis, M . ,  P. Sch i l i zz i ,  A. Jarosz . Th e 
Development of G rou nd Su bsidence Above 
Underground Coa l Mines in the Appalach ian 
Coalfield and its Prediction Using Empi rical 
Tech n iques.  I N :  Proceedings,  2nd Conference on 
Ground Control Problems in the I l l i nois Coa l Bas in ,  
20 5 
May 1 98 5 ,  Y. P .  Ch ugh ,  ed . ,  Southern I l l ino is 
Un iversity, Carbondale,  p. 1 27- 1 3 7 .  
I n  t h e  past years n u merous investigations have 
been u ndertaken for the model ing  and prediction of 
su rface subsidence, us ing theoretical as wel l  as 
empirical  tech n iques .  A review of the most preva­
lent of these techn iques demonstrated clearly that 
such subsidence stud ies do not describe satis­
factori ly the type and magn itude of the ground 
movements experienced in  the Appalach ian 
coalfiel d .  To develop a su bsidence prediction 
method appl icable to the topograph ic conditions 
and the complex l ithologic and structural geologica l  
environment of coalfields in  the eastern Un ited 
States, a systematic surface movement monitorin g  
program was in itiated . This was conducted i n  
Virg in ia  over e ight u n derground coal mines and 
inc luded seventeen panels .  
Keyword (s } :  coa l  m in ing ,  pred iction , empir ical 
model ,  mon itor ing equ ipment, mon itoring methods, 
mon itorin g  design ,  pi l lar extraction , room-and-p i l lar, 
Nationa l  Coal Board, influence fu nction 
Location (s} : Virg in ia ,  Appalach ian Coal Reg ion,  
Un ited States 
Karmis,  M . ,  P. Sch i l i zz i ,  A. Jarosz . Development 
and Comparison of Su bsidence Prediction Methods 
for the Eastern U .S . Coalfields . I N :  Mine S u b­
sidence, Society of M in ing  Eng ineers Fa l l  Meeting ,  
St.  Lou is ,  MO,  September, 1 986,  M . M .  S ingh , ed . ,  
S M E, Littleton , CO, p .  9- 1 8 . 
Th is paper is concerned with subsidence 
prediction methods and in  particu lar  with two 
techn iques, one based on profi le fu nctions and 
the other on inf luence fu nctions .  Profi le function 
methods provide a tool for fast ca lcu lation of 
subsidence on a l ine across a mine pane l .  I nfl uence 
function methods, on the other hand,  a l low for a 
more deta i led calcu lation of ground movements, in  
any mode and at any depth , on a gr id  or at any 
specific point .  
Keyword (s) :  coa l  m in ing ,  prediction , profi le 
fu nction , inf luence function , pred iction theories, 
computer, empirical  model, room-and-pi l lar, longwal l  
Location (s} : Appalach ian  Coal Region,  Un ited 
States 
Karmis, M . ,  A. Jarosz, P. Sch i l l i zz i .  Mon itoring  and 
Prediction of G round Movements Above 
Underground M ines in the Eastern US . I N :  
Proceed i ngs, 6th I n ternationa l  Conference on 
G round Control in M in ing ,  1 987,  S .S .  Peng,  ed . ,  
Department of  M in i ng  Eng ineering,  West Vi rg in ia 
Un iversity, Morgantown , p .  1 84- 1 94.  
Surface deformations above underground mines 
and their prediction and control h ave been the 
topics of an extensive research effort by Virg i n ia 
Polytechn ic  I nstitute and State Un iversity over the 
past few yea rs . During the i n it ia l  stages of th is  
research ,  a nu mber of case studies were col lected 
from the l iterature, the min ing  industry, and various 
govern ment and state agencies . Based on the 
ana lysis of this information,  appropriate proediction 
methods were proposed . Although the prediction 
methods were based on sou nd concepts, it became 
evident that their accuracy and implementation 
were a reflection of the s ize and qua l ity of the col­
lected case stud ies and th at the data bank was 
insufficient. I n  an  effort to a l leviate these problems, 
a comprehensive mon itoring program was in itiated 
in the coa l mines of southwest Virg in ia . 
Keyword (s) :  monitoring  methods, pred iction,  
longwal l ,  room-and-pi l lar, mon itori ng  design ,  
mon itoring equ ipment, vertical d isplacement, 
horizonta l d isplacement, profi le  fu nction ,  inf luence 
fu nction , zone area, h igh-extraction retreat, 
computer 
Location (s) : Virg in ia ,  Appalach ian Coal Region , 
Un ited States 
Karmis, M .  Predicting Su bsidence with a Computer.  
Coa l ,  December, 1 989,  p. 54-6 1 .  
The pred iction of ground movements due to 
underground min ing,  the assessment of their  i mpact 
on surface structu res, and their contro l with in  
acceptable environmenta l  levels are a l l  important 
considerations during the mine design process . 
Recent progress in subsidence tech nology in the 
Un ited States, particu larly that due to an intens ive 
effort in the col lection and mon itoring of case 
studies involving su bsidence in  the coalfields of the 
eastern Un ited States, has been man ifested in  the 
development of some un ique  capab i l it ies, i nc lud ing  
the  establ ish ment of  sou nd empir ical parameters 
from an extensive data ban k .  Eva luation of these 
field data has resu lted in the development and 
val idation of  subsidence prediction methods, and 
the incorporation of  regiona l  geological  as wel l  as  
m in ing  factors in su bsidence predictions .  
Keyword (s ) :  pred iction ,  computer, mode l ing 
Location (s ) :  Appalach ian Coa l Reg ion,  Un ited 
States 
Karmis, M . ,  Z. Yu , A. Jarosz . Des ign Considerations 
for  Subsidence Control . I nternationa l  Journa l  of 
M in i ng  and Geological Eng ineering ,  v. 8, no .  4, 
December 1 990, p. 357-368 . 
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Procedu res for su bsidence p lann ing  during the 
m ine  design stage are presented . The Surface 
Deformation Pred iction System (SOPS )  i ncorporates 
th ree d ifferent subsidence prediction methods, 
based on the concepts of the inf luence fu nction ,  
profi le function , and zone area methods . Data from 
the S O PS are used in the Subsidence Response 
Model l i ng  Program (S RM P) ,  a large displacement, 
sma l l  stra in ,  non l inear fin ite element code, to deter­
m ine  damage levels to surface structures resu lting 
from subsidence . An example is presented of use of 
the S O PS and  S R M P  in su bsidence design and 
control . 
Keyword (s) : model ing ,  prediction, infl uence 
function , profi le  fu nction ,  zone area , fi n ite element, 
su rface structu ra l damage, coal m in ing ,  mine 
desig n ,  active mines, land-use p lann ing 
Karmis,  M . ,  Z .  Agioutantis, A .  Jarosz . Recent 
Developments in  the Appl ication of the I nf luence 
Function Method for G rou nd Movement Predictions 
in  the U . S .  Min ing  Science and Tech nology, v .  1 0, 
no .  3 ,  May, 1 990, p .  233-245 . 
The inf luence fu nction method was app l ied to 
ca lcu late ground deformations caused by 
u n dergrou nd m in i ng .  Empir ica l  subsidence 
parameters have been developed to faci l itate the 
app l ication of the method to various min ing  and 
geolog ica l  conditions, a lth ough  site-specific 
parameters can a lso be used . Comparisons between 
measu red and pred icted su bsidence and stra in  
va l ues are presented for  d ifferent case stud ies, and 
demonstrate the appl icabi l ity of  the inf luence 
fu n ction formu lation for predicting surface 
deformations .  
Keyword (s) : prediction,  infl uence fu nction ,  coa l 
m in i ng ,  horizonta l  d isp lacement, vertical  
d isp lacement, geologic features 
Location (s) :  Appalach ian Coa l Reg ion , Un ited 
States 
Karmis, M . ,  C. Haycocks, Z. Agioutantis .  The 
Pred iction of G round Movements Caused by M in i ng .  
IN :  Proceedings Th ird Workshop on Surface 
S u bsidence Due to Undergrou nd Min ing ,  June  1 -4, 
1 9 92 ,  Morgantown,  WV, S '. S .  Peng ,  ed . ,  p .  1 -9 .  
Th is paper reviews the fundamental concepts 
invo lved in the development, appl ication , and 
va l idation of grou nd movement prediction methods 
developed by Virg in ia  Polytech n ic I nstitute and 
State Un iversity .  Prediction tech n iques inc lude 
empi rica l  or semi-empirical  methods, such as the 
profi le  fu nction , influence fu nction , and zone area 
methods, as wel l  as n umerical methods, based on a 
fin ite element formu lation that uses field subsidence 
data .  These techn iques h ave been integrated i n  a 
software package for persona l  com puters ,  which 
al lows for the calcu lation of any component of 
ground movement in any d i rection . 
Keyword (s} :  prediction , computer, p rediction 
theories, empir ical model, p rofi le fu nction , inf luence 
function,  zone area, f in ite e lement, model i ng ,  
survey data processing,  vertica l  d isplacement, 
horizonta l  d isplacement, longwal l ,  room-and-p i l lar  
Location (s} : Appalach ian Coal Region , Un ited 
States 
Karmis,  N . ,  C. Y. Chen , D. E. Jones, T. Trip lett . 
Some Aspects of M in ing  S u bsidence and its Control 
in the US Coalfields . Minerals and the Environ ment, 
v. 4, December, 1 982 ,  p .  1 1 6- 1 30 .  
This article discusses the inf luence of geologica l  
controls on su bsidence, and the effects of sub­
sidence on h umans and their environ ment.  A h is­
torical review of ru les and regu lations govern i ng  
subsidence-related problems is g iven . 
Keyword (s} : h istorica l ,  law, envi ronment, 
vertical d isplacement, h orizonta l  d isp lacement, coal 
min ing 
Location (s} : Pennsylvan ia,  Appalach ian Coal 
Region , Un ited States 
Kauffman ,  P. W . ,  S. A. Hawkins,  R. R. Thompson . 
Room and Pi l lar  Retreat M in ing--A Manua l  for the 
Coal  I ndustry. U . S .  Bu reau of M ines IC 8849,  
1 98 1 ,  228 p .  
Keyword (s ) :  room-and-pi l lar, m ine  design ,  m ine  
operation ,  h igh-extraction retreat, active m ines, coal 
min ing 
Location (s} : Un ited States 
Kawulok, M .  Investigation of a Precast Concrete 
Panel  Structure Subjected to Min ing  S u bsidence . 
I N :  Large G round Movements and Structures, 
Proceedi ngs Internationa l  Conference, Un iversity of 
Wa les I nstitute of Science and Tech nology, Card iff, 
1 977,  J . D .  Geddes, ed . ,  John  Wiley & Sons,  New 
York, 1 978 ,  p .  606-620. 
Th is paper describes an investigation of the 
influence of ground deformation caused by coal 
extraction on a block of f lats near Katowice in  the 
Upper S i lesian Coal Basin . I nformation on de­
formation of the ground surface, and on defor­
mation and accompanying stresses in some typical  
constructiona l  elements of the bu i ld ing is presented 
on the basis of the obtained resu lts . The paper 
concludes with a suggested method to interpret the 
resu lts . 
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Keyword (s} : su rface structu ra l  damage, coal 
m in i ng ,  fou ndations,  construction ,  active m ines, 
mon itorin g  methods 
Location (s} :  Poland 
Kawu lok, M.  The State of  Stress i n  a Bu i ld ing Con­
structed of Large Precast Wal l  Panels Subjected 
to M in i ng  Su bsidence . I N :  G round Movements 
and Structu res, Proceedings 2nd Internationa l  
Conference,  Un iversity of Wales I nstitute of 
Science and  Tech nology, Card iff, 1 980, J . D .  
G eddes, ed . ,  John Wi ley & Sons, New York, 1 98 1 ,  
p .  25 1 -263 . 
A complex investigation was carried out on the 
effect of coal  extraction on a five-story block con­
structed of l a rge precast wal l  panels, wh ich in­
c luded measurements of the deformation of the 
terra i n  a round th e bu i ld ing  as well as of the 
resu ltant  stra ins  in  the structu re . 
Keyword (s} : su rface structu ra l damage, coal 
m in i ng ,  h orizontal d isplacement, vertical 
d isp lacement, su rvey data processing ,  model i ng ,  
construction,  eng ineering  
Location {s ) : Poland 
Kawulok,  M.  Protection of a Ch u rch Bu i ld ing from 
the I ntens ive Inf luences of Coal M in ing . I N :  G round 
Movements and Structures, Proceedings 3 rd 
Internationa l  Conference, Un iversity of Wales 
I nstitute of Science and Tech nology, Cardiff, 
1 98 84, J . D .  Geddes, ed . ,  Pentech , London,  1 985 ,  
p .  3 1 4-323 . 
Th is paper presents an account of the pre­
caut ions adopted for a chu rch against pred icted 
ground  movements, where the fu nction of the 
bu i ld ing determined the choice of the practica l 
structura l  solutions .  
Keyword (s} : su rface structura l  damage, coal 
m in i ng ,  m u ltiple-seam extraction,  vertica l 
d isplacement, h orizonta l d isplacement, structu ra l  
mitigation 
Location (s} : Poland 
Kawu lok, M .  The Protection of  Existing Bu i ld ings 
S u bjected to Large G rou nd Movements . I N :  G round 
Movements and Structures, Proceedings 4th 
Internationa l  Conference, Un iversity of Wales 
College of Card iff, J u ly 8- 1 1 ,  1 99 1 ,  J . D . Geddes, 
ed . ,  Pentech Press, London,  1 992 ,  p. 344-35 5 .  
G round deformations caused b y  coa l extraction 
usua l ly develop as a regu lar  subsidence basin with 
smooth , contin uous edges, a lthough in the case of 
large  ground  movements local discontin u ities of the 
terra i n  appear in  the subsidence prof i le .  These 
deformations pose a great danger to brick bu i ld ings  
that are not protected aga inst non u n iform sub­
sidence of the grou n d .  For the purpose of effective 
protection of smal l  bu i ld ings erected where such 
grou nd conditions may develop, a steel truss may 
be arranged around the perimeter of  the externa l  
wal ls . The truss acts l i ke a corset, wh ich braces 
and strengthens the wal ls  of the bu i ld ing  and  
improves their interaction  with the  floors . 
Keyword (s) :  coal m in ing ,  surface structu ral 
damage, structural m itigation , eng ineer ing 
Location (s) : Poland 
Kay, D .  R . ,  K .  E .  McNabb, J .  P .  Carter .  N u merical  
Model l i ng of Mine Subsidence at Angus Place 
Coll iery .  I N :  Computer Methods and Advan ces in  
Geomechan ics, Proceedings 7th I n ternationa l  
Conference, Cairns OLD Austra l ia ,  G .  Beer, May 
6- 1 0, 1 99 1 ,  v .  2, J . R .  Booker, and J . P . Carter, 
eds . ,  Balkema, Rotterdam,  p. 9 99- 1 004. 
A joint case study was in itiated i n  1 987  to 
improve the pred iction of coal m in ing  i nduced 
subsidence us ing mathematical models . N ine  
d ifferent models predicted the  subsidence 
movements of pegs a long several surface cross 
sections and anchors located in a subsurface 
borehole over a new longwa l l  panel at the Angus  
Place Col l iery, New South Wales ,  Austra l ia . The  
study was phased so  that later predictions cou ld  
use the  resu lts of  earl ier mon itori n g  to  perform 
progressive ca l ibrations of the models . The 
model ing  involved an  appreciation of complex t ime 
dependent su bsidence deformation mecha n isms 
over smal l  and la rge extraction areas with part ia l ly 
yield ing cha in  p i l lars.  
Keyword (s) :  model ing ,  mathematical model,  
longwal l ,  active mines, coa l m in i ng ,  mon itor ing 
methods, pred iction,  t ime factor, yield i ng  supports, 
vertical displacement, horizontal d isp lacement, 
geotech n ica I 
Location (s) : Austra l ia  
Kay, F .  H .  Coal  Resources of District V I I 
(Southwestern I l l inois) (Coal No .  6 West of Duquo in  
Anticl ine) . I l l i nois State Geological Survey, M in i ng  
I nvestigation Bu l letin 1 1 , 1 9 1 5 , 233  p .  Repri nted 
1 92 2 .  
Keyword (s) :  coal m in ing ,  h istorical 
Location (s) :  I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Kay, F. H . , K. D. White . Coa l Resou rces of District 
V I I I  ( Danvi l le) . I l l i no is State Geological  Su rvey, 
M in ing  Investigation Bu l letin 1 4, 1 9 1 5 , 68 p .  
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Keyword (s) : coal m in ing ,  h istorical 
Location (s ) :  I l l i nois,  I l l i nois Coal Basin ,  United 
States 
Kay, S .  R .  The Effect of S u bsidence Due to Coal­
Workings Upon Bridges and Other Structures . I N :  
I nstitute of Civi l  Eng ineers, Min utes of Proceed ings, 
London , v . 1 35 ,  1 89 8 , p . 1 1 4- 1 74.  
Keyword (s) : surface structural damage, coa l 
m in i ng ,  h i storical 
Kaye, R. D . ,  E.  R.  Wooley . G routi ng  Old M ine  
Workings . Civi l  Eng ineeri n g  and Pu bl ic Works 
Review, August, 1 963,  p. 1 005 . 
A 1 6-story apartment bu i ld ing was constructed 
on a s ite with m u lt iple m ined-out coa l seams.  
Keyword (s) : surface structural damage, 
g routing ,  mu ltip le-seam extraction ,  eng ineering ,  
a bandoned mines, coa l  m i n ing ,  arch itectu re 
Kazmann ,  R .  G . , M .  M .  Heath . Land  Subsidence 
Related to G round-Water Offtake in  the New 
Orleans  Area . G u lf Coast Associated Societies 
Transactions,  v. 1 8 , 1 968 ,  p. 1 08- 1 1 3 . 
Keyword (s ) :  flu id extraction 
Location (s) : Lou is iana,  Un ited States 
Keenan ,  A. M .  Lon gwal l  M in i ng  of Coa l Pitch ing  30 
Degrees . AI M E  Prepri nt  No .  7 1 -F-336,  1 97 1 . 
This article d iscusses the use of longwa l l  m in i ng  
i n  seams d ipp ing  too steeply for conventiona l  room­
a nd-p i l lar  equ i pment.  Experimental systems have 
increased production and appear to be especia l ly 
app l icab le where depth of cover has previously 
l im ited extraction . 
Keyword (s) : longwal l ,  m ine  design ,  geologic 
features, coa l m in ing  
Location (s ) : Un ited States 
Keinhorst, H .  Considerations on the Problem of 
M in i ng  Damages . G luckauf, v. 70, 1 934, p .  
1 49- 1 55 ( i n  German ) .  
Keyword (s ) :  model ing ,  empir ical model,  
inf luence fu nction ,  surface su bsidence damage 
Location (s) : Germany 
Keith , H.  D . ,  R.  C.  Batra , P .  J .  Conroy . F in ite 
E lement Ana lysis of a Longwal l  M ine .  I N :  Rock 
Mechan ics : A State of the Art, Proceedings 2 1 st 
Sympos ium on Rock Mechan ics ,  Un iversity of 
M issouri at Rol la ,  May 28-30, 1 980, D .A .  
S u mmers,  ed . ,  p .  9- 1 5 . 
The work reported herein  represents the f irst 
phase of an effort to develop f in ite element 
model ing  tech n iques that can be used to design the 
geometry of longwal l  panel  development entries .  
Th ree d imensiona l  fi n ite element models of  a long­
wal l  m ine geometry shou ld provide resu lts c lose to 
the f ie ld observations .  
Keyword(s ) :  rock mechan ics, fi n ite element, 
model ing ,  longwal l ,  m ine design ,  coal m in ing ,  lab 
testing 
Location {s) : I l l i nois,  I l l i nois Coal Bas in ,  Un ited 
States 
Kel leher, J .  T . ,  D .  J .  Van Roosendaa l ,  B. B .  
Meh nert, D .  F .  Brutcher, R .  A .  Bauer .  Overbu rden 
Deformation and Hydrolog ic Changes Due to 
Longwal l  Coal Mine Subsidence in  the I l l inois Bas in . 
IN :  Land  Subsidence, Proceed ings 4th I nternationa l  
Sympos ium,  Houston , TX, May 1 99 1 , A . I .  
Joh nson , ed . ,  IAHS Publ ication no .  200, p .  
1 95-204. 
Subsidence-induced deformation and hydrologic 
changes were stud ied at two active longwal l  coa l 
mines in I l l i nois us ing surveying and geotec h n ica l  
mon itoring .  Surface subsidence characteristics fa l l  
into a range common to  other I l l i nois longwal l  
operations .  Subsidence-induced water level 
fl uctuations correlated with m in ing  activity and the 
passing of the dynamic su bsidence wave . Aqu ifer 
th ickness and lateral extent affected these 
fluctuat ions .  
Keyword (s) :  coa l m in ing ,  longwa l l ,  survey 
methods, mon itoring  methods, i nstru mentation,  
subsurface water, hydrology, geotech n ica l ,  vert ical  
disp lacement, horizonta l  d isplacement, overbu rden,  
rock mechan ics, geophysical ,  mon itoring  
equ ipment, geolog ic featu res 
Location (s) :  I l l inois, I l l i nois Coal Basin , Un ited 
States 
Kel ley, G .  C . ,  J .  L. Craft . Areawide M ine  
Subsidence I nvestigations .  IN :  Proceed ings Nationa l  
Sympos ium and Workshops on Abandoned Mine  
Land Reclamation , Bismarck, ND,  May 2 1 -22 ,  
1 984, L .L .  Sch loesser, et  a l . ,  eds . ,  North Dakota 
Pu bl ic Service Commission and the Un iversity of 
North Dakota, p .  3 1 -4 1 . 
The Office of Su rface M in ing  in itiates areawide 
subsidence investigations in  commun ities where 
past coal min ing has produced m u lt ip le surface 
subsidence events and where there is a l ikel i hood 
of future su bsidence- induced surface effects that 
represent extreme danger to the pub l ic .  The 
Pu rposes of the investigation are to col lect a l l  
avai lable information concern ing the potential for 
su bsidence in the area; identify potential  h igh  risk 
209 
su bareas; and ,  if requested by the state Abandoned 
Mine  Land  (AM L) authority, recommend remedia l  
abatement .  The accumu lated information a l lows a 
more rap id response time when su bsequent sub­
sidence events occur .  Studies are implemented on ly 
after concu rrence of the responsible AML authority. 
Keyword (s) : abandoned mines,  coal m in ing ,  
reclamation ,  l and m itigation,  surface structu ral 
damage 
Location (s) :  Un ited States 
Ken ny, P .  The Cavin g  of the Waste on Longwal l  
Faces . I nternationa l  Jou rna l  of  Rock Mechan ics and  
M in i ng  Sc iences & Geomechan ics Abstracts, v .  6 ,  
1 969 ,  p .  54 1 -555 .  
A set of defin it ions, which has been found  
usefu l in  describ ing the  manner o f  caving on  
longwal l  faces, is  proposed . A method of 
q ua ntify ing the description of the caving  zone by 
means  of s imple observations and measurements is 
described . The relevance of the manner of caving  to 
roof control is d iscussed and it is shown that 
information on the natu re and extent of the 
supported roof may be obta ined from stud ies of 
caving . S uch studies may a lso yield information on 
face su pport requ irements, the workabi l ity of the 
coa l ,  the effect of d ifferent roof, e . g .  massive 
sandstone,  and the in situ strength of rock beds .  
Keyword {s) : longwal l ,  coa l  m in ing ,  overburden,  
roof stabi l ity 
Location {s) :  Un ited Kingdom 
Kent, B .  H.  G eologic Causes and Possible 
Preventions of Roof Fal l  i n  Room-and-Pi l lar Coa l 
M ines .  Pen nsylvan ia  Geological  Su rvey IC 75,  
Harrisburg ,  1 974, 1 7  p .  
Keyword (s) : roof stabi l ity, ground control ,  
room-and-p il lar, coal m in ing ,  geologic features 
Pennsylvan ia ,  Appalach ian Coal Region , Un ited 
States 
Kentucky Department for Natural Resources and 
Environmental Protection ,  Bureau of  Surface Min ing 
Reclamation and  Enforcement.  Permanent Program 
Regu lations for Su rface Coal M in ing  and 
Reclamation Operations and Coal Exploration 
Operation s .  405 KAR 8 : 040E, Sec. 26, Apr i l ,  1 982 ,  
5 2  p .  
The su bsidence control section covers the legal  
considerations of subsidence for the state of 
Kentucky. 
Keyword {s } :  law, mine operation , reclamation , 
environ ment 
Location (s) :  Kentucky, Appalach ian  Coal 
Reg ion,  Un ited States 
Kertis, C. A. Reducing Hazards in Undergrou nd  Coal  
Mines Through the Recogn ition and Del ineation of 
Coalbed Discontinu ities Caused by Ancient Chan nel  
Processes . U .S . Bureau of Mines R I  8987 ,  1 9 85 ,  
23 p .  
Because coalbed d iscontin u ities often pose 
serious economic and safety problems in u nder­
grou nd coal mines, criteria were documented for 
the recogn ition and prediction of d iscontinu ities in  
advance of  min ing . 
Keyword (s) :  geologic features, mine design ,  
m ine  safety, coal m in i ng ,  overburden 
Location (s) :  Pen nsylvan ia,  Appalach ian Coal 
Reg ion,  Un ited States 
Kester, W. M . ,  Y. P. Chugh . Premin ing  Inves­
tigations and Their Use in Plann ing  G round Control 
in  the I l l inois Basin Coal Mines .  I N :  Proceed ings,  
1 st Conference on G round Control Problems i n  the 
I l l i nois Coa l Bas in ,  August 22-24, 1 97 9 ,  Southern 
I l l inois Un iversity, Carbondale,  1 9 80, p .  33-43 . 
The authors conducted premin ing investiga­
tions for fou r  vi rg in  areas and stud ied ground con­
trol problems in several operating coa l m ines in  the 
basin . Premin ing  investigations involved deta i led 
geologic descriptions of cores and preparation of 
maps pertinent from a ground control point of view. 
Specifica l ly, facies changes in the immed iate roof, 
interval to l imestone bed , if any, th ickness of l ime­
stone bed and thickness and natu re of sha les were 
mapped . Moisture sensitivity of sha les, th ickness 
and nature of u nderclays, presence of channels,  
etc . were a lso considered . Based on geologic 
description and physical property data on roof, coa l ,  
and  floor rocks, the  authors have developed rating  
scales for del ineating areas with ground  control 
problems overying the Herrin sea m .  
Keyword (s ) :  geologic featu res,  ground control ,  
f loor stabi l ity, roof stabi l ity, coal m in i ng ,  
geotechn ical ,  l ab  test ing,  rock mechan ics 
Location (s) : I l l i nois,  I l l i nois Coa l Bas in ,  Un ited 
States 
Kettren ,  L. P . ,  K .  A. Joh nston . Rock Mechan ics 
Stud ies at Old Ben Coa l Company Mine 24. I N :  
Proceedings,  1 st Conference o n  Ground Control 
Problems in  the I l l i nois Coal Bas in ,  August 22-24, 
1 979 ,  Southern I l l inois University, Carbondale,  
Ju ne, 1 980, p .  208-2 1 3 . 
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Rock mechan ics stud ies were performed by 
Dames & Moore in  Old Ben Coal Company•s  Mine 
No .  24 as part of  a longwal l  m in ing  demonstration 
with the U . S .  Department of Energy . The demon­
stration project was designed to introduce longwal l  
tech n iques to the I l l inois Bas in where earl ier  at­
tempts with longwal l  had . fa i led . S ix earl ier attempts 
with longwa l l  methods by Old Ben had been un ­
successfu l due  to  roof contro l problems.  The  pres­
ent demonstration included a rock mechan ics study 
designed to observe u n usua l  situations so that 
corrective action could be taken,  to develop gu ide­
l i nes for future longwal l  efforts, and to eva luate sur­
face su bsidence and develop criteria to assist in its 
prediction . 
Keyword (s) : rock mechan ics, coal m in ing ,  
longwal l ,  mon itoring  methods, mon itor ing 
equ ipment, i nstru mentation 
Location (s) : I l l i nois,  I l l i nois Coa l  Basin ,  Un ited 
States 
Key, S .  W . ,  Z. E .  Beis inger, R. D. Krieg . HONDO I I -­
A F in ite Element Computer Program for Large 
Deformation Dynamic Response of Axisymmetric 
So l ids .  SAND78-0422 ,  Sand ia  National 
Laboratories, Albuquerque,  N M, 1 978 . 
Keyword (s) :  f in ite element, computer, model ing 
Location (s) :  Un ited States 
Kha ir, A. W . ,  S . S .  Peng .  Causes and Mechan isms 
of Massive Pi l lar Fa i l u re in  a Southern West Virg in ia 
Coal M ine .  Preprint 83-378 ,  S M E-AI M E  fa l l  
meeting ,  Sa lt Lake City, UT,  October, 1 983,  1 1  p .  
Th is paper dea ls with the causes and  
mechan isms of  p i l l a r  fa i l u re in a coal mine in  
southern West Virg in ia . The conclusions are made 
on the basis of  in -mine observations and ana lysis of 
m in ing  methods, eyewitness accou nts of the 
sequence of events, topograph ic  and geologic 
condit ions, and mechan ical  properties of mine roof, 
coa l ,  and f loor.  
Keyword (s ) :  coal m in ing ,  p i l lar  strength , 
geologic featu res, room-and-pi l lar, roof stabi l ity, 
fi n ite element 
Location (s) :  West Virg in ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Kha i r, A. W . ,  R .  D. Begley . Model Studies to 
Develop Criteria of Subsidence Due to the Room 
and Pi l lar M in ing  of Coa l .  Preprint No. 84-92,  S M E­
A I M E  Annua l  Meeting ,  Los Angeles, CA, February 
26-March 1 ,  1 984, 1 3  p .  
Su bsidence in room-and-pi l lar  m in ing  was 
analyzed us ing models of various extraction ratios 
and overbu rden depths a long with two types of 
overbu rden model materi a l .  
Keyword (s) :  coa l m in ing ,  model ing ,  room-and­
pi l lar, mine design ,  abandoned mines,  t ime factor, 
overbu rden 
Location (s) :  I l l i nois, I l l i nois Coal Basin , 
Pennsylvan ia ,  West Virg in ia ,  Appalach ian Coa l 
Region , Un ited States 
Khair ,  A. W . ,  G .  S .  Begley, R .  D .  Beg ley . Study of 
Subsidence Characteristics Due to Underground 
Min ing of  Coal Us ing  a Physical Model ing Tech­
n ique .  IN :  Proceedings, 2nd Workshop on S u rface 
Subsidence due to Underground M in ing ,  Morgan­
town, WV, June  9- 1 1 ,  1 986,  S .S .  Peng,  ed . ,  West 
Virg in ia  Un ivers ity, p. 270-2 8 2 .  
This paper presents an ana lysis of surface 
subsidence characteristics in  room-and-p i l lar  m in ing  
us i ng  physica l models and laser holograph ic 
interferometry (holometry) . The ana lysis inc luded 
the effect of various geometric parameters and 
different overbu rden materia ls and resu lted in  the 
formu lation of a more rea l istic model  materia l  for 
laboratory s imu lation of typical geologic 
overbu rden . 
Keyword (s) :  model ing ,  coa l m in ing ,  room-and­
p i l lar, overburden , physical  model 
Khair, A .  W.,  R.  D .  Chaffins,  M. K .  Qu inn . Study of 
G round Movements Over a Longwal l  M ine .  I N :  
Proceedings,  6th Internationa l  Conference on 
Ground Control in M in ing ,  June 9- 1 1 ,  1 987 ,  S .S .  
Peng ,  ed . ,  West Vi rg in ia  University, Morgantown , 
p .  1 4 1 - 1 55 .  
Th is paper presents a n  ana lysis of g roun d  
movements recorded from longwal l  operations i n  
the northern Appalachian region in  West Virg in ia . 
The s ite chosen for the investigation was selected 
due to varying heights of overburden and topog­
raphy and was instrumented for both su rface and 
subsurface measu rements . The instrumentation 
areas consisted of two panels coverin g  various 
sections with u n ique geolog ic and topograph ic 
featu res . 
Keyword (s) : longwal l ,  mon itoring methods, 
instru mentation , su rvey methods, survey 
equ ipment, horizontal d isplacement, vertical 
disp lacement, monitoring  equ ipment, overburden,  
prediction , geolog ic featu res, f in ite element 
Location (s) : West Virg i n ia ,  Appalach ian Coal 
Region , Un ited States 
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Khair, A .  W . ,  M .  K. Qu inn ,  R .  D .  Chaffins .  Effect of 
Topography on G round Movement Due to Longwa l l  
M in i ng . Prepri nt  87- 1 42, S M E-AI M E  Annual  
Meeting ,  Denver, CO, February 24-27,  1 98 7 .  
Th is paper presents an ana lysis of the effects 
of topography on q uasi-static and dynamic ground 
movements and  the severity of  damage infl icted on 
su rface structu res . 
Keyword (s ) :  geologic featu res, surface 
structural  damage,  subsurface structu ral damage, 
horizontal  d isp lacement, instru mentation,  ang le of 
draw, coal  m in i ng  
Location (s) :  West Virg in ia ,  Appalachian Coal 
Region , Un ited States 
Kha i r, A. W ., M .  K.  Qu i nn ,  R. D. Chaffins .  Effect of 
Topogra phy on G round  Movement Due to Longwal l  
M in in g .  M in ing  Eng ineering ,  August, 1 988 ,  p .  
820- 8 2 2 .  
Th is paper presents an ana lysis o f  the effects 
of topography on static and dynamic ground 
movements and severity of  damage infl icted on 
surface structu res . A typical  site conta in ing varying 
topograph ical  features ( i . e . ,  mou nta ins,  h i l ls ides, 
val leys, and flat bottom land)  represent ing the 
northern Appalach ian reg ion was chosen for the 
study. Typica l  su bsidence mon itor ing techn iques 
were employed . Frequent measurements were made 
as the face advanced . 
Keyword (s) :  coa l m in ing ,  su rface structu ra l  
damage,  geologic features, monitoring methods, 
active m ines, h orizontal displacement, vertical 
d isplacement, fou n dations,  overburden ,  instru­
mentation , su rvey methods, survey equ ipment, 
su rface subsidence damage 
Location (s ) :  West Virg in ia ,  Appalach ian Coal  
Reg ion ,  Un ited States 
Kha ir, A. W. Prediction of G round Subsidence in 
Longwa l l  M in i ng  Areas .  I N :  Proceed ings,  5th 
I nternationa l  Sympos ium on Deformation Su rveys 
and 5th Canadian Sympos ium on M in ing  Surveying  
and Rock  Deformation Measurements, 1 98 8 .  
Keyword (s} :  pred iction,  longwa l l  
Kha ir ,  A.  W., P .  J .  Molesky. Su rface G round 
Movements Over  Longwa l l  M in ing  in  the Pittsburgh 
Sea m .  I N :  Proceedings 7th I nternational  Conference 
on G round Control in  M in ing ,  August 3-5,  1 988,  
S .S .  Peng ,  ed . ,  p . .  303-3 1 3 . 
Th is  paper presents an ana lysis of surface 
ground  movements recorded from two longwa ll 
m ines in  northern West Virg in ia that operate in the 
Pittsburg h  sea m .  The instrumentation areas 
consisted of fou r  panels, two at each mine,  cover­
ing various sections with u n ique topograph ic  fea­
tu res . Vertical and h orizontal ground  movements 
were measured at specified interva ls to determine 
subsidence rate, develop ing and fi na l  subsidence 
profi les, angle of draw, horizonta l  d isplacements,  
and associated stra in  profi les . A relationsh ip  be­
tween panel depth and width and the subsidence 
factor was a lso developed . 
Keyword (s) : longwal l ,  coa l m in ing ,  mon itor ing 
meth ods, instru mentation , vertica l d isplacement, 
horizonta l  d isplacement, su rvey methods, ang le of 
draw 
Location (s ) :  West Virg in ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Khai r, A. W . ,  R .  D. Begley.  Assessment of Model i ng  
Techn iq ues for Prediction of  S u bsidence Over 
Longwa l l  Areas .  Preprint 8 9- 1 4, S M E  An nua l  
Meeting,  Las Vegas, NV, February 2 7-March 2 ,  
1 989 ,  7 p .  
Th is paper presents an assessment o f  mode l ing  
techn iques in  predicting su bsidence over longwa l l  
areas . Extens ive instru mentation,  both at  the  su r­
face and subsurface of th ree longwal l  m ines in  
northern West Virg in ia h ave been made.  G round 
movements were mon itored duri ng  a 3 -year period 
unti l  su bsidence ceased in  these areas . A com­
parative analysis of empirica l su bsidence prediction 
techn iques inc lud ing,  graph ical  (NCB) ,  profi le  
function , and influence functions are presented . A 
brief geolog ic and topographic description of each 
s ite a long with the instrumentation and mon itor ing 
program are also presented . 
Keyword (s ) :  model ing ,  prediction,  longwal l ,  
instrumentation , empirical model , Nationa l  Coal 
Board , profi le function,  influence fu nction , zone 
area, coa l min ing 
Location (s) :  West Virg in ia,  Appalach ian Coa l  
Region , Un ited States 
Khair ,  A. W . ,  Y. S .  Ro. Assessment of S u rface 
Fractu re Depth and I ntensity Due to S u bsidence 
Over the Longwal l  Panel  Us ing a Sonic Tech n ique .  
IN :  Rock Mechan ics as  a G u ide for Efficient 
Uti l ization of Natural Resou rces, Proceedings 30th 
U .S . Sympos ium,  1 989,  A.W. Kha i r, ed . , Ba lkema,  
Rotterdam, p .  723-730. 
This paper presents an ana lysis of fractu re 
depth and intensity due to subsidence over the 
longwal l  pane l .  Sonic reflection tech n iques were 
used to determ ine fracture depth , and a variation of 
p-wave velocity was used as an ind ication of the 
fractu re intensity .  I nstrumentation h as been tested 
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for cons istency and accuracy first in the laboratory 
us ing  smal l  scale models, then app l ied in the field in 
two m ine  sites with differi ng min ing  geometry and 
geologic cond itions .  A new son ic viewer was used 
for sonic velocity measurements .  Regu lar  hammer­
i ng  method was an acoustic source . The resu lts 
were concu rrent with mon itored horizontal stra in 
p rofi les and measu red open fractures over the 
longwal l  pane ls .  
Keyword (s) :  longwal l ,  overbu rden , 
i nstrumentation , model ing  
Location (s) : Un ited States 
Khair ,  A. W. Eva luation of Mon itoring Techn iques 
for Ground Movements Over the Longwa l l  Areas .  
I nternationa l  Sympos ium on Land S u bsidence,  
December 1 1 - 1 5 , 1 989 ,  Centra l Min ing Research 
Station ,  I nd ia ,  p.  3- 1 7 . 
Th is paper presents h igh l ights of the research 
associated with mon itorin g  surface and subsurface 
g round movements over longwal l  m in ing  areas .  Ex­
tensive instru mentation and measurements have 
been made over th ree longwa l l  m ines in northern 
West Virg i n ia du ri ng  a 3-year period . Various moni­
torin g  techn iques inc lud ing fu l l  profi le borehole 
extensometers, ful l  profi le  borehole inc l inometers, 
t ime domain reflectometry, son ic reflection tech­
n ique ,  and a u n ique mecha n ica l  g routing  method in  
addition to standard su rveying and water level 
measu rements were used . 
Keyword (s) : coa l m in ing ,  longwal l ,  mon itoring  
methods, mon itoring  equ ipment, mon itor ing design ,  
mon itoring  insta l lation , geotech n ical ,  su rvey 
methods, active m ines,  i nstrumentation , geologic 
featu res, overburden 
Location (s) :  West Virg i n ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Kha ir, A. W . ,  H . - U .  Lim,  S .  J. Jung .  Appl ication of 
Rock Mech an ics Pri ncip les to Al leviate a Complex 
Rock Eng ineeri ng  Problem i n  a Coal Mine--A Case 
Study. I N :  Rock Mechan ics Contributions and 
Cha l lenges, Proceedings of  the  3 1 st U .S . Rock 
Mechan ics Sympos ium,  June  1 8-20, 1 990, W .A. 
Hustru l id  and G .A .  Johnson,  eds . ,Golden , CO . 
Ba lkema,  Rotterdam,  p .  77-84.  
This paper presents an an alysis of complex 
ground control problems in a coal mine and 
potentia l  solut ions to a l leviate the problems .  The 
ana lysis i ncludes the study of geology and l ithol­
ogy of the m ine, determ ination of the mechan ical  
properties of the rock and coa l associated with the 
m ine, apparent in  situ stresses, in-mine observation , 
and study of the behavior of the roadways th rough  
instru mentation and monitori ng .  
Keyword (s ) :  g round control ,  coa l m in i ng ,  geo­
log ic -featu res, rock mechan ics, longwal l ,  roof 
support 
Location (s) : Pen nsylva n ia ,  Appalach ian Coal 
Region , Un ited States 
Kha ir, A. W . ,  S. S .  Pen g .  Eng ineeri ng  to Reduce the 
Cost of  Roof Support in  a Coal Mine Experienc ing 
Complex G round Control Problems . Min ing 
Eng in·eering ,  August 1 99 1 ,  p .  1 062- 1 066 .  
Discussion by S .  Serata a n d  K.  Fuenkajorn , 
November 1 992,  p .  1 369,  reply p .  1 370.  
The mine h as a h istory of  cutter roof problems 
in  the entries that has delayed the advan ce rate of 
entry development considerably, and the cost of 
mainta in ing those entries is  very h igh due to the 
requ i rement of very heavy artific ia l  supports . 
Keyword (s) :  eng ineering ,  roof stabi l ity, roof 
support, yie ld ing supports, active mines,  coa l 
min ing,  geologic featu res, longwal l ,  roof bolting  
Location(s ) :  Pen nsylvan ia ,  Appalach ian Coal 
Region , Un ited States . 
Khair, A .  W . ,  R .  D .  Begley . Mechan istic S u bsidence 
Prediction Model (MSPM ) .  I N :  Proceedings Th i rd 
Workshop on Surface Subsidence Due to Under­
grou nd  Min ing ,  June  1 -4, 1 992 ,  S . S .  Peng ,  ed . ,  
Morgantown , WV, p .  56-6 5 .  
A model was developed to predict maximum 
possible su bsidence and su bsidence profi les at any 
cross section with in the subsidence i nf luence zone . 
The model considers mine geometry and geologic 
and geotech n ical properties of the associated a reas . 
Based on extensive field measurements and 
mechan ics of  strata behavior, under the  action of 
overbu rden pressu re in the vicin ity of the large 
underground excavation , the vertica l  p lane of 
influence zone has been d ivided into five areas :  
( 1 )  excavated , (2 )  caved, (3 ) fractu red , (4 )  h i gh ly 
deformed but conti nuous ,  and (5 )  subsided zones .  
Keyword (s) :  model ing ,  prediction , geologic 
featu res, geotech n ical 
Location (s) : Pennsylvan ia ,  Virg in ia ,  West 
Virg in ia,  Appa lach ian Coal Reg ion,  I l l i nois, I l l i no is 
Coal Bas in , Un ited States 
Khanna,  R .  R . ,  V.  K.  Talwar .  Despol iation of S u r­
face Lands of Jharia Coalfield by M in ing  Operations 
an d Underground F i res . Jou rnal  I nstitute of Eng i ­
neers ( I nd ia ) ,  M in ing  & Meta l lu rgy Divis ion v .  56,  
Pt. MM,  November 2 ,  1 975 ,  p .  5 7-60.  
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Keyword (s) :  su rface su bsidence damage, coa l 
m in i ng ,  m ine  fires 
Location (s) : I ndia 
Kicker, D. C. ,  Z.  T .  Bien iawski . I mproving Design 
Methodology for I n novative Rock Mechan ics 
Design .  I N :  Rock Mechan ics as a G u ide for Efficient 
Uti l i zation of Natural Resources, Proceedings 30th 
U . S .  Sympos ium,  1 989 ,  A .W.  Kha i r, ed . ,  Ba lkema, 
Rotterdam,  p .  279-284.  
This paper  introduces the concept of  design 
theory and methodology as app l ied to rock mechan­
ics for  more i nnovative and efficient design . Th is  is  
a "frontier11 research area i n  rock mechan ics be­
cause a lthough  design is  a fundamenta l fou,ndation 
to al l  eng ineering  branches ,  very l ittle attention h as 
been pa id to th is  aspect in min ing . I n  d iscussing the 
theoretical  premise of design ,  th is paper identifies 
the princ iples that form the basis of design activity . 
Also, from a practical standpoint, the f ind ings from 
a series of in.terviews with mine design engineers 
a re presented . These f ind ings lead to the 
identification of needs a ris ing from overlooked 
design methodology in  p ractice.  
Keyword (s ) :  rock mechan ics, mine design ,  
eng ineering  
Kiefner, J .  F .  Mon itori ng  and I ntervention on Pipe­
l i nes in  M in ing  Su bsidence Area . Report to Line  P ipe 
Research Su pervisory Committee of the Pipel ine 
Research Committee of the American Gas 
Association , NG- 1 8 Report No .  1 55 ,  Task S I  
5 .0-85 ,  "Mon itor ing and I ntervention on P ipel ines 
in M in i ng  Subsidence Areas/' August 8 ,  1 986,  
American Gas Association Catalog No .  L5 1 5 1 5 , 
Battel le ,  Colu mbus Division ,  O H ,  62 p .  p lus  
appendix . 
The objectives of this study were to review the 
effects of longwal l  m in ing  su bsidence on pipel ines 
and to develop concepts for preserving the integrity 
of p ipe l ines affected by such subsidence . The usua l  
effects on a p ipel i ne  of  m in ing- induced subsidence 
a re increased axial  and flexura l  stra ins affecting  its 
long itud ina l  strength . In the presence of severe 
c i rcumferentia l ly oriented defects and added tens i le  
stra i n ,  buck l ing of the p ipe may occu r .  Pipel ine 
operators can use ava i lable predictive methods and 
geophysical  data to estimate the potentia l  effects of 
longwal l  m in i ng ,  and they can mon itor their p ipe­
l i nes and intervene if necessary to prevent a 
p ipel i ne  fa i l u re due to su bsidence . The qptions 
ava i lable to p ipel ine  operators faced with a 
subs idence problem ran ge from doing noth ing  to 
sh uttin g  down the l ine  and relaying  it after 
subsidence . More l ikely, however, the operator wi l l  
choose to leave the l ine in  service and mon itor it  
with the idea of interven ing if necessary to preserve 
the integrity of the p ipel i ne . 
Keyword (s) : p ipe l ines, uti l it ies, longwa l l ,  coal 
m in ing ,  prediction , structu ra l m itigation,  mon itoring  
methods, mon itor ing equ ipment, mon itoring  design ,  
Nationa l  Coal Board 
Location (s ) :  Un ited States 
Kiefner, J .  F. Pipel ines and Subsidence : Effects of 
Pipel ine Stra ins from Lon gwal l  M in ing  are Ana lyzed; 
Exposing Line Reduces Stra in  During  Subsidence . 
O i l  & Gas Journa l ,  June  22 ,  1 987 ,  v .  85 ,  no .  25 ,  p .  
44-49; June 2 9 ,  1 987 ,  v .  8 5 ,  n o .  2 6 ,  p .  66-68 . 
(Based on a paper presented to the 7th Sympos ium 
on Line Pipe Research,  American Gas Association , 
Houston ,  October 1 4- 1 6, 1 98 8 . )  
Adequate mon itor ing a n d  proper intervention 
can s ign ificantly increase a the chances of a 
p ipel ine surviving the stra ins of soi l  subsidence in  
an area of  longwal l  m in ing . The fi rst of  the two 
articles on the effects of longwal l  m in ing  on 
underground pipel ines presents a techn ique  for 
monitoring  those effects . The conclud ing  art ic le 
examines intervention options and discusses the 
benefits of exposing pipel ines in longwal l  m in ing  
areas . 
Keyword (s) :  p ipe l ines ,  longwal l ,  geophysica l ,  
prediction , mon itoring methods, mon itoring  design ,  
mon itoring insta l lation ,  mon itor ing equ i pment, 
National  Coal Board, ang le of draw, coal m in ing ,  
uti l ities, su rvey methods, instrumentation 
Location (s) : Un ited States 
Ki lburg ,  J .  A . ,  J .  M .  Alvi . Report of S u bsurface 
Exploration and Geotechn ical Eng ineering 
I nvestigation,  Canterbury Manor Mine  S u bsidence 
Investigation , Bel levi l le,  I l l i no is .  Geo-Mechan ics, 
I nc . ,  Bel le Vernon,  PA, G MI Project no. 8 1 1 1 4, 
Report to U .S . Bu reau of Mines, March 1 5 , 1 98 2 .  
Th is investigation was u ndertaken to determ ine 
the cause of  structural damage to at  least n ine  
dwel l ings . Two subsurface aspects wh ich were 
investigated were the soi l  cond it ions and the m in i ng  
cond itions .  These conditions were exam ined to 
determ ine wh ich one (or both ) may h ave caused the 
surface subsidence and accompanying structu ral 
damage to the houses . This report conta ins  the 
resu Its of the investigation as well as 
recommendations for stab i l i z ing the area to 
min imize the potential for futu re su bsidence or  
settlement and damage . 
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Keyword (s) : su rface structural damage, 
abandoned mines, coa l m in ing ,  geotechn ica l ,  
eng ineeri ng ,  geologic featu res, room-and-pi l lar, 
g rout ing 
Location (s) : I l l i nois, I l l inois Coal Bas in ,  Un ited 
States 
King ,  H . J . ,  H .  G .  Smith . S u rface Movement Due to 
M in i ng .  Col l iery Eng ineering ,  v. 3 1 ,  1 954, p .  
3 2 2-3 2 9 .  
Laboratory experiments used gelatin models to 
determine surface effects of mine subsidence . 
Keyword (s) : surface subsidence damage, 
model i ng ,  lab  testing  
King ,  H . J . ,  M .  B .  Jones . The  Measurement of  M ine  
Su bsidence . M ine  and Quarry Eng ineering ,  v .  22 ,  
no .  3 ,  March , 1 95 6, p .  1 06- 1 1 3 . 
The authors d iscuss a new techn ique for 
measurin g  subsidence and inc lude a deta i led 
description of two instruments constructed by the 
authors : one designed to measure ti lt and stra in  and 
the other a s impl ified model for measur ing on ly 
stra in . 
Keyword (s) : mon itoring  equ ipment, monitoring  
insta l lation,  mon itor ing methods 
Location (s ) : Eng land 
King ,  H.  J . ,  J .  T .  W hetten . Mechan ics of Mine 
S u bsidence . I N :  Proceed ings,  Eu ropean Congress on 
G round Movement, Un ivers ity of Leeds, 1 957 ,  p .  
27-3 8 .  
Experiments were conducted with a gelatin 
model to determine the relationsh ip between 
subsidence parameters . Th ree groups of subsi­
dence factors related to longwal l  min ing are 
defined : d imensiona l ,  geologica l ,  and rate factors . 
Keyword (s) : model i ng ,  longwal l ,  geologic 
features, lab testing  
King ,  H .  J .  An Investigation Into the  Factors That 
Control M ine  S u bsidence . Ph . D .  Thesis, Un ivers ity 
of Leeds, Eng land,  October 1 95 8 .  
Keyword (s) : geologic featu res 
Kin g ,  H .  J . ,  J .  T. Whetton . Mechan ics of M in ing  
S u bsidence . Col l iery Eng ineering ,  pt .  1 ,  June,  
1 958 ,  p .  247-252;  pt . 2 ,  Ju ly, 1 958 ,  p .  285-288 . 
The authors intended to study the effect of the 
longwa l l  extraction process by means of model 
tests, us ing  a geometrical ly s imi lar  type.  Th ree 
models were designed and constructed , each of 
which control led d ifferent variables such as depth , 
width,  and length of pane l ,  and amount of lowering 
at the level of the pane l .  The fi rst article 
summarizes the resu lts obtained from the th ree 
models in  respect to surface behavior. As a resu lt 
of the experimenta l  work, and in view of the 
reproducib i l ity of the patterns of movement, the 
second article describes attempts to obta in  some 
empirical expressions in  terms of certain var iables 
for flat panels of lowering .  
Keyword (s} : model ing ,  longwal l ,  coa l  m in ing ,  
geolog ic featu res 
Location (s} : Un ited Kingdom 
King,  H. J. ,  R .  J. Orchard .  G rou nd Movement i n  the 
Exploitation of Coal Seams.  Col l iery G uard ian , v. 
1 9 8 ,  Apri l  1 6, 1 959 ,  p .  47 1 -477; v.  1 98 ,  Apri l  23 ,  
1 9 5 9 ,  p .  503-508 . 
Th is article reviews early experience and 
observations of  subsidence in  G reat Brita in . The 
authors point out  the  concern by the Nationa l  Coal 
Board about non-subsidence damage, s ince in  
legal d isputes, the bu rden of  proof rests with the 
Nationa l  Coal Board . 
Keyword (s) :  surface su bsidence damage,  
Nationa l  Coa l Board, law, coa l  m in ing  
Location (s) :  Eng land 
K ing,  H .  J .  An Examination of the Elements of 
Surface Displacements Due to Coa l M in i ng  
Subsidence .  Chartered Surveyor, v .  96 ,  no .  8 ,  
February 1 964, p .  406-4 1 1 .  
Keyword (s} : coal m in ing ,  su rvey data 
processing  
King,  H .  J . ,  B .  N .  Wh ittaker, C .  H .  Shadbolt. Effects 
of Min ing Subsidence on S u rface Structures. I N :  
Internationa l  Sympos ium o n  Min ing  and the 
Environment, London , June 4-7 ,  1 974, I nstitute of 
Min ing & Meta l lurgy, London,  1 975,  p. 6 1 7-642 . 
Th is paper describes monitoring  tech n iques 
used to determ ine the effectiveness of trench ing  to 
reduce the amount of damage to surface structures 
from underground  min ing . 
Keyword (s) : su rface structu ral damage, 
structu ra l  m it igation , mon itori ng  methods, active 
mines 
King, R .  P . ,  D. W. Gentry .  Development of 
Subs idence and Horizontal Stra in Model for 
Longwal l  M in ing  at the York Canyon Mine .  Prepri nt  
7 9-8 5 ,  S M E-AI M E  Annua l  Meeting ,  New Orleans, 
February 1 8-22 , 1 979 ,  5 p .  
The York Canyon Su bsidence a n d  horizontal 
strain  models are based on actua l  f ield data 
obta ined by mon itor ing th ree adjacent longwal l  
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panels . These models show that at York Canyon 
subsidence resu lts in  greater ground cu rvature than 
predicted by the Nationa l  Coa l Board, and sub­
s idence is located more centra l ly over the longwal l  
pane l . Because of  th i s ,  g reater horizonta l  stra ins  
can be expected . I t  shou ld be noted that  these 
represent an intens ive effort in  a restricted area and 
are not necessari ly intended to  predict su bsidence 
and h orizontal stra in  resu lts in  other m in ing  
environ ments . 
Keyword (s) : longwal l ,  coa l m in ing ,  model ing ,  
h or izonta l d isp lacement, vertical d isplacement, 
Nationa l  Coal board 
Location (s) : New Mexico, Rocky Mou nta in  Coal 
Reg ion , Un ited States 
King ,  R. P. Eva luation of Su rface Subsidence and 
Horizontal  Stra in  at York Canyon Mine,  New 
M exico. M .S .  Thesis,  Colorado School of M ines, 
Golden , 1 980, 1 97 p.  
The author presents the resu lts of a rock 
mechan ics i nstrumentation program des igned to 
determine  su rface response due to longwal l  m in ing  
in  th ick  coa l  a t  the  York Canyon Mine, near  Raton ,  
New Mexico . 
Keyword (s) : coa l m in ing ,  instrumentation,  
vertical d isplacement, horizontal d isplacement, 
mon itorin g  design ,  mon itoring insta l lation , 
mon itoring  equ ipment, su rvey methods, survey 
equ ipment, survey data process ing,  rock 
mechan ics, longwal l  
Location (s ) :  New Mexico, Rocky Mounta in  Coal 
Region , Un ited States 
Kin g ,  R. U. A Study of Geolog ic Structu re at Cl imax 
in Relation to M in ing  and Block Caving . 
Transactions, AI M E, 1 946, v .  1 63 ,  p .  1 45- 1 55 .  
Keyword (s) :  m ine  operation , overbu rden , 
geologic featu res 
Location (s) : Un ited States 
King ,  W .  P . ,  N .  W .  G reen . Mine Subsidence 
S u rveys . I N :  Proceedings 4th An nua l  Sympos ium on 
Su bsidence in  M ines, Wol longong,  Austra l ia ,  
February 20-22,  1 973,  A.J . Hargraves, ed . ,  
Austra las ian I nstitute Min ing  & Meta l l u rgy . ,  
l l lawarra Branch ,  Paper 2 ,  1 973, p .  2- 1 --2- 1 2 . 
Deta i led investigations of subsidence 
phenomena were commenced on the Southern and 
the  Northern Coalfields (Austra l ia ) .  The pr incipal  
a im of the work at the Southern Coalfields was to 
investigate the possib i l ity of more extensive coa l 
extraction than is at present perm itted from 
beneath certa in bodies of water conta ined by dams. 
Although some precise su rveys of both levels and  
distances were carried out ,  most of  the  work was 
to th i rd order standards .  To h an dle  the massive 
amount of data produced from the surveying ,  it was 
fi na l ly decided that al l  data storage, hand l i ng ,  and 
processing wou ld be  handled by computer. S imple 
su rvey methods were used and electron ic data 
process ing was appl ied to the hand l ing  of m ine  
su bsidence data . 
Keyword (s) :  su rvey methods, survey data 
process ing,  su rvey equ ipment, survey design ,  
surface water, coal m in ing ,  active m ines,  longwa l l ,  
surface structu ral damage 
Location (s ) :  Austra l ia  
Kirch ner, B .  H . ,  G.  J .  Colaizz i . Remote Video 
I nspection of Abandoned Coa l M ines :  I nvestigation 
and Backfi l l  Mon itori n g .  I N :  Proceedings ,  
Conference on Coa l  Mine S u bsidence i n  the Rocky 
Mounta in  Reg ion , Colorado Springs,  October 2 8-30, 
1 985 ,  J . L. Hynes, ed . ,  Colorado G eological  Su rvey 
Special Publ ication 3 1 ,  Department of Natural 
Resources, Denver, 1 986,  p. 1 33- 1 42 .  
The use of remote video for abandoned m ine  
investigations and backfi l l  mon itori ng  is  a relatively 
new concept. I nformation obta ined from the video 
record ings has been usefu l for determ ing the 
location and concentration of dr i l l i ng n ecessary for 
reclamation measu res, orientation and condition of 
p i l lars and mine passages, extraction ratios, shaft 
closu re design ,  etc . 
Keyword (s) :  remote sens ing,  abandoned m ines,  
photography, backfi l l i ng ,  reclamation ,  coa l m in i ng ,  
mon itoring equ ipment, mon itorin g  methods 
Location (s) :  Rocky Mou nta in  Coal Region , 
Un ited States 
Kistamas, L. Comparative Study of Sol id Stowin g  
Methods . Col l iery G uardian ,  v .  207, no .  5350, 
October, 1 963; v .  207, no.  535 1 ,  November, 
1 963, p. 586 .  
Keyword (s ) :  stowing 
Kiusa laas, J . ,  E .  K. Albert .  S PAS I D :  A Computer 
Program for Predict ing G rou nd  Movement Due to 
M in i ng .  Report on U . S .  Bureau of M ines Contract 
No .  J029503 1 ,  August, 1 983,  The Pen nsylvan ia  
State Un iversity, Un iversity Park, 20 1 p .  
Th is  report is a self-conta ined User Manua l  for a 
computer program ca l led S PAS I D--Su bsidence 
Prediction and System Identification . The program 
has two primary fu nctions :  ( 1 )  preca lcu lation of 
ground movements due to underground  m in i ng  
operations us ing the  inf luence function method, and 
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(2 )  computation of infl uence function and s ite 
parameters from measured d isplacements . The 
program is written in FO RTRAN and does not 
assume previous knowledge of the inf luence 
fu nction method or programming competence.  
Keyword (s ) :  computer, prediction,  model ing ,  
infl uence fu n ction 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Klepikov, S .  N . ,  F. N .  Borodatcheva, I .  V. Matveev. 
Non-Linear Fou ndation Beh aviour in the Analysis of 
Frameless Bu i ld ings Under the Action of Foundation 
Displacements . I N :  G round Movements and 
Structures, Proceedings 2nd I nternationa l  
Conference, Un ivers ity of Wales I nstitute of 
Science and Technology, Card iff, 1 980, J . D .  
G eddes, ed . ,  Joh n Wi ley & Sons,  1 98 1 , p .  
275-2 8 7 .  
I n  th is paper, a method i s  proposed for the 
three-d imensiona l  design of mu lti-storied frameless 
bu i ld ings u nder the action of external  loads and  
horizonta l d isplacements of  their footings, taking  
i nto account non- l i near  behaviou r .  The essence of 
the method is a convers ion of the modu les of the 
bu i ld ing  i nto a system of cross beams whose 
properties are selected so that the forces and 
d isplacements in the beams and the correspond ing 
wal ls  d iffer by ins ign ificant amou nts . The design 
ph i losophy for the footings is based on a model 
with a variable stiffness coeffic ient.  
Keyword (s) : surface structu ral damage, 
fou ndations ,  arch itecture 
Location (s) : Soviet Un ion 
Klep ikov, S .  N . ,  A .  V.  Mashkin . Soi l  Mechan ics 
Problems in Undermined Areas . Scientific-Research 
I nstitute of Constructiona l  Elements ( N l l S.K) of the 
G overn ment Committee for Construction (Gosstroi )  
o f  the  USS R .  Trans lated from Osnovan iya, 
Fundamenty i Mekhan ika G ru ntov, no. 1 ,  January­
February, 1 984, p. 3-5 . 
Soi ls  in undermined areas experience s ing le or 
repeated action from rock movements due to 
u nderground excavation of usefu l m inerals or 
construction of d ifferent types of u nderground 
structu res by the covered work method . Th is  paper 
investigates basic problems in  the field of 
mechan ics of undermined soi ls . 
Keyword (s} :  soi ls,  soi l  mechan ics, surface 
structu ra l damage 
Location (s) : Soviet Un ion 
Klezhev, P .  E . ,  R .  A .  Mu l ler, S .  E .  Shalagov. 
Investigations of Pi led Fou ndations for Bu i ld ings in 
Areas of Min ing Subsidence . I N :  G round 
Movements and Structures,  Proceed ings 2nd 
I nternational  Conference, Un iversity of  Wales 
I nstitute of Science and Technology, 1 980, J . D . 
Geddes, ed . ,  John Wiley & Sons, New York, 1 98 1 ; 
p. 264-274.  
The construction of two five-story experimental  
residential bu i ld ings on pi led fou ndations was 
carried out to prove the possib i l ity and expediency 
of bu i ld ing in areas to be u ndermined in the 
Karaganda basin .  One bu i ld ing is  a 5 6-flat, 
frameless, large-panel bu i ld ing,  and the other is a 
68-flat brick bu i ld in g .  The series of coal seams 
being developed at the basin ru n u n der the 
experimental bu i ld ings .  The seam being m ined is  at 
an average depth of 4 1 0 meters, and its th ickness 
is 1 .4  meters; the roof control method is  complete 
caving .  
Keyword (s ) :  foundations,  surface structu ra l 
damage, structural m itigation,  construction , coal 
min ing,  active mines,  geologic featu res 
Location (s) :  Soviet Union 
Kneisley, R .  0 . ,  K .  Y.  Haramy . Large-Scale Strata 
Response to Longwal l  M in i ng :  A Case Study. U . S .  
Bu reau of Mines R I  9427, 1 992,  25  p .  
Th is report summarizes a study o f  l arge-sca le 
strata response to longwal l  min ing at a coal m ine  i r:i  
the  western Un ited States . The  study used surface 
and subsurface measurements, geologic mapping ,  
in  situ stress measu rements, and pressu re cel l  
read ings to characterize strata behavior.  Prel im inary 
analysis of surface subsidence and time-domain 
reflectometry {TDR)  was used to determine a 
suggested caving sequence for the main roof . Coal 
ejected from the face apparently resu lted from 
brittle fai l u res that occurred because of the l ack of 
sign ificant yield zone development.  The 
combination of a strong  coal with pronounced 
d irectional  behavior, low overbu rden pressures, a 
good caving  roof, and a h igh -production 
environ ment that m in imized t ime-dependent load ing 
apparently reduced yie ld ing of  the longwa l l  face . 
Keyword {s) : active m ines, coal m in ing ,  
longwal l ,  monitor ing methods, mon itorin g  
equ ipment, instru mentation,  overburden , 
geotech n ica l ,  yield ing supports 
Location (s) : Colorado, Rocky Mou nta in  Coal 
Reg ion , Un ited States 
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Kn ight, A .  L . ,  J .  G .  Newton . Water and Related 
Problems in Coal-M ined Areas of Alabama . U . S .  
Geological  S u rvey, Water-Resources I nvestigations 
76- 1 30, Apri l  1 977 ,  5 1  p.  (NTIS PB 27 1 527 )  
Keyword (s} :  hydrology, surface water, 
subsurface water, coal m in ing  
Location (s} : Alabama, Un ited States 
Kn i l l ,  J .  L. Rock Condit ions in the Tyne  Tunnels, 
North Eastern Eng land . Bu l letin Association of 
Eng ineering  Geolog ists, v .  1 0, 1 973, p.  1 -20 .  
Keyword (s) : tun ne l l ing,  geologic features 
Location (s} :  Eng land 
Kn i l l ,  J .  L .  Fou ndations on the Coal  Measures . I N :  
S ite I nvestigations i n  Areas of M in ing  Subsidence, 
F . G . Bel l ,  ed . ,  Newnes-Butterworths, London , 
1 975,  p .  1 49- 1 64.  
Keyword {s) : foundations, overbu rden , coa l  
m in i ng  
Location (s} : Un ited Kingdom 
Knothe, S. Rate of Advance and Ground 
Deformation . Bergakademie, v .  5,  no .  1 2 , 1 953, p .  
5 1 3-5 1 8  ( in  G erman ) .  
Keyword (s) : surface subsidence damage 
Knothe, S.  The Disp lacement of the Su rface Under 
the I nflu en ce of M in ing  Extraction and Their 
Theoretical  I nterpretation� .  I N :  Proceedings, 
European Congress on G round Movement, Leeds, 
Eng land,  Apri l  9- 1 2 , 1 957,  London Harrison , p .  
2 1 0-2 1 8 . 
Keyword (s} : su rface su bsidence damage, 
model i ng  
Knothe, S .  Observations of  Su rface Movements 
Under I nf luence of M in ing  and Their Theoretica l 
I nterpretation . Col l iery Eng ineering ,  v .  36,  1 959 ,  p .  
24-29 .  
This article presents formu las for the prediction 
of su rface subsidence movements . These formulas 
are basical ly trough  profi le functions derived for 
critica l  or super-crit ical extraction of rectangu lar  
areas . The author mentions the influence of  partial 
extraction and stowing  on subsidence factors and 
the u se of preca lcu lation methods in  the design of 
h armon ious m in ing  systems.  The article is primari ly 
d irected at a presentation of prediction formu las .  
Keyword (s} : vertica l d isp lacement, pred iction 
theories, empir ical  model, profi le fu nction , inf luence 
function , coal m in ing ,  partia l  extraction,  stowing, 
mine design 
Knox, G .  The Hydrau l ic Stowing of G oaves . 
Transactions, I nstitute of M in ing  Eng ineers v .  45,  
1 9 1 2 , p .  1 3 . 
Keyword (s) : stowing, hydrau l ic  backfi l l i ng  
Knox, G .  Hydrau l ic F i l l i ng  as Roof Su pport .  Col l iery 
Engineering ,  v .  34, 1 9 1 3 , p .  2 2 5 .  
Th is article advocates t h e  adoption o f  hydrau l ic  
backfi l l i ng in Brita in ;  fi l l i ng  techn iques in Europe are 
d iscussed . 
Keyword (s) : hydrau l ic backfi l l i ng ,  roof support 
Location (s) : Eng land,  Eu rope 
Knox, G .  The Relation Between S u bsidence and 
Packing with Special Reference to  the  Hydrau l ic  
Stowing of Goaves . Transactions I nstitute of M in i ng  
Engineers, London , v .  44, 1 9 1 2- 1 9 1 3 , p .  5 27-5 5 2 .  
This paper discusses the need for better 
support systems in mine operations to reduce the 
number of fata l ities caused by roof fa l ls  and 
damage to  ground surface due to  subsidence . 
Keyword (s) : hydrau l ic  backfi l l i ng ,  stowing ,  m ine  
safety, roof support 
Location (s) : England 
Knox, G.  Min ing Subsidence . I N :  Proceedings ,  
1 2th I nternational  Geological  Congress, Ottawa, 
Canada, 1 9 1 3 , lmprimerie du Government, 1 9 1 4, 
p .  797-806 . 
The ratio between su bsidence and draw m u st 
be the joint resu lt of forces l iberated by the with­
drawal of su pport from u nderneath strata in the 
mined area . The larger the proportion of settlement 
resu lti ng in  su bsidence, the less can occu r in  the 
form of draw, and vice versa . S u bsidence wi l l  be at 
a maximum in  f lat seams and draw at a maxim u m  
in vertica l seams.  The more effective t h e  packin g ,  
t h e  less the amount of settl i ng  that c a n  take place 
either as subsidence or draw. As the settlement 
wou ld be l ikely to occur  slowly, the strata wou ld 
bend with out fracturing . 
Keyword (s) :  vertical d isplacement, ang le of 
draw, backfi l l i ng ,  overburden , bumps, geologic 
features 
Location (s) : Un ited Kingdom 
Knox, G . ,  J .  D .  Pato . Hydrau l ic Stowing . I N :  
Proceedings, South Wales I nstitute of Eng ineering ,  
v .  27 ,  no .  4 ,  1 92 1 -22,  p .  283 . 
This paper is a h istory of hydrau l ic backfi l l i ng ,  
with a general resume of  techn iques employed in  
Poland .  
Keyword (s) :  hydrau l ic backfi l l i ng  
Location (s) :  Poland 
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Knox, G .  Notes on M in ing  S u bsidence . Col l iery 
G uard ian ,  v .  1 3 8 ,  1 929 ,  p .  825-827,  933-93 5 .  
Keyword (s) :  ang le o f  draw, subsurface water, 
m ine design ,  time factor 
Ko, K.  C . ,  D. A. Ferguson . Geotech n ical and Mine  
Design Considerations in M u lt iple Seam Min i ng .  I N :  
Proceed ings,  M in i  Sympos ium o n  the Appl ication of 
G eotech n ical Data to Undergrou nd Mine Desig n ,  
S M E-AI M E  fa l l  meeting ,  F L, September, 1 978 ,  p .  
2 1 -3 2 .  
Keyword (s) :  mu ltip le-seam extraction ,  mine 
design ,  geotech n ical  
Location (s) : Un ited States 
Koch manski ,  T. Integral Theory of G round 
Movements Resu lting  from Extraction . Freiberger 
Forschunshefte , v. A 1 1 8 ,  1 959 ,  p. 36-56 ( in  
G erma n ) .  
Keyword (s) : model ing ,  empirical model, 
i nfl uence fu nction , prediction theories 
Kochmansk i ,  T . ,  T .  Lubina .  Anal iza Mozl iwosci 
Eksploatacj i  Pokladu 5 1 0  Pod Osiedlem I Rzeka 
( Feasib i l ity Analys is of Exploit ing  with Hydrau l ic 
Stowage Coal Seam No .  5 1 0  Under a Vi l lage and 
R iver) . Przeglad Gorniczy, v .  27 ,  no .  9 ,  1 97 1 ,  p .  
4 1 7-423 . 
Keyword (s} :  hydrau l ic backfi l l i ng ,  stowing ,  
su rface water, su rface structu ral damage, coa l  
m in i ng ,  model ing ,  empirical  model,  influence 
function 
Location (s) : Po land 
Koch manski ,  T .  Comparison of the Accuracy of 
Th ree Methods of Calcu lation Accord ing to the 
Theories of K .  Kochmanski , S. G .  Avershyn , W .  
Budryk, and S .  Knothe .  Nationa l  Science Associa­
tion ,  U . S .  Bureau of Mines Special Foreign Currency 
Scientific I nformation Program Translation,  1 974, 
54 p .  
This report deta i ls the d ifferences between 
su bsidence measu red by means of geodetic su rveys 
and su bsidence calcu lated us ing the Avershyn ,  
Budryk-Knothe, and Kochmanski theories of 
pred iction . 
Keyword (s) :  vertical d isplacement, prediction , 
prediction theories, empirical model,  profi le 
function , infl uence fu nction 
Koeh ler, J. R . ,  S .  D. Jones, M. J. DeMarco . An 
Appl ications Approach to Barrier Pi l lar Design for 
Improved Resource Recovery . I N :  Rock Mechan ics 
as a G u ide for Efficient Uti l i zation of Natu ra l 
Resou rces, Proceed ings 30th U . S .  Symposiu m ,  
1 98 9, A . W .  Kha i r, ed . ,  Ba l kema,  Rotterdam,  p .  
403-4 1 0 . 
Avai lable barrier p i l lar  design methods do not 
adequately account for overburden caving  charac­
teristics, the timing and magn itude of associated 
load transfers, the occu rrence of u n usua l  geologic 
featu res, or the effects of mu lt iple-panel/mu lt iple­
seam min ing . To address th is problem, a barrier 
pi l lar study was conducted in  a mu ltip le-seam mine  
settin g .  I nsufficient barrier width resu lted i n  an  
excessive load transfer to an adjacent/u nderlying  
section . Consequent entry and p i l l a r  deterioration 
resu lted in the section being  prematurely aban­
doned . This paper proposes an approach based on 
in  situ measurements, which inc ludes mine-specific 
load ing conditions in  the barrier design process . 
Keyword (s) : mine design , overburden , geolog ic  
featu res, mu ltiple-seam extraction ,  coa l  min ing ,  
longwal l ,  p i l lar  strength , instru mentation 
Location (s) : Utah ,  Rocky Mounta in  Coa l Reg ion ,  
Un ited States 
Koerner, R. M .  Acoustic Emission Mon itorin g  of 
Land Subsidence . I N :  Land Subsidence, Proceedings 
3rd I n ternationa l  Symposiu m ,  Ven ice, I ta ly, March 
1 9-25,  1 984, A. I .  Johnson , L Carbogn i n ,  and L .  
Ubertin i ,  eds . ,  IAHS Publ ication No .  1 5 1 ,  1 986,  p .  
225-234. 
Acoustic em issions are sou nds generated 
interna l ly in a soil or rock mass as it deforms .  These 
sou nds produce stress waves that stimu late trans­
ducers implanted at strategic points i n ,  or on , the 
materia l  be ing mon itored . This paper presents fou r  
case h istories o n  relatively local subsidence which 
uti l ize the tech n ique .  For s ituations where larger 
land masses are involved, i . e . ,  areal  subsidence, the 
sensors must be left in p lace over long time periods 
and period ica l ly visited . In such cases remote 
sens ing is a defin ite possib i l ity . S ix schemes are 
presented, based on either conti n uous or periodic 
transmission , which inc lude d i rect cou pl i ng ,  
te lephone, and a i rborne concepts . 
Keyword (s) :  remote sens ing,  fl u id extraction ,  
coal  min ing ,  mon itor ing methods, soi ls,  l ab  testing ,  
abandoned mines,  su rface structu ral damage 
Location (s) :  Pen nsylvan ia ,  Appalach ian Coal  
Region , Un ited States 
Koh l i ,  K . ,  T.  M. Cranda l l ,  R .  C. Dol lence . 
I nvestigation of Subsidence Event Over M u lt ip le 
Seam Min i ng  Area . I N :  Mine Su bsidence - Prediction and Control ,  Nationa l  Sympos ium,  33rd Annua l  
Meeting Association of  Eng ineering Geologists, 
2 1 9 
October 2-3,  1 990, C . D . E l ifrits, ed . ,  Pittsburgh ,  
PA, p .  2 6 7 .  
An investigation was performed to determine 
the sequence of  events caus ing the 1 986 surface 
su bsidence and related structura l damage to several 
homes in  Walker County, Alabama . 
Keyword (s) :  mu ltip le-seam extraction, coal 
m in i ng ,  surface structu ra l damage, abandoned 
m ines,  p i l lar  strength 
Location (s) : Alabama, Un ited States 
Koh l i ,  K. K . ,  S .  S .  Peng ,  R. E .  Th i l l .  Surface 
S u bsidence Due  to Underground Longwal l  M in ing  in  
the Northern Appalach ian Coa l  Fie ld . Preprint No .  
8 0-53,  S M E-AI M E  An n ua l  Meeting,  Las Vegas, NV, 
Februa ry 24-2 8 ,  1 980, 8 p .  
Keyword (s ) :  longwal l ,  coal m in ing 
Location (s ) :  Appalach ian  Coal  Reg ion,  Un ited 
States 
Koh l i ,  K .  K . , · S .  S .  Peng ,  R. E. Th i l l . Su rface Sub­
s idence Due to Undergrou nd Longwal l  M in ing  I n  the 
Northern Appalach ian  Coa l Fields . I N :  Longwall­
Shortwal l  M in i ng ,  State of the Art, R .V .  Raman i ,  
ed . ,  S M E-AI M E, New York, 1 98 1 ,  p .  99- 1 05 .  
A n  effort was in itiated to contact each 
ind ividua l  coal company in  the Northern 
Appa lach ian Coalfie ld for any surface su bsidence 
su rvey data that they might have . These data could 
then be assembled to a id su bsidence eng ineering  
design . Data col lected inc luded 1 7  longwa l l  panels 
and 2 room-and-pi l lar  sections .  I nformation covers 
su rvey raw data , underground layout maps, surface 
topography maps,  geological  logs showing strati­
g raph ic  sequences and th ickness of the overburden 
and, if ava i lab le,  locations and types of surface 
structu res . On-site visits fol lowed col lection of 
data , to study surface terra ins and structu res . 
Keyword (s) :  coal m in ing ,  su rvey data 
processing ,  su rvey design ,  longwal l ,  room-and­
p i l lar, su rface structura l damage, mine design ,  
vertica l  d isp lacement, h orizontal d isplacement, t ime 
factor 
Location (s) : West Virg in ia ,  Appalachian Coal 
Reg ion ,  Un ited States 
Koh l i ,  K. K . ,  S .  S .  Peng ,  R. E. Th i l l .  Subsidence 
Experiences in the Room-and-Pi l rar  Mines of the 
Northern Appalach ian Coalfield . I N :  Proceedings,  
Conference on G round Control in  Room-and-P i l lar  
Min ing,  Southern I l l i nois Un iversity, Carbonda le, 
August 6-8, 1 980, Y. P .  Ch ugh,  ed . ,  S M E-AI M E, 
New York, 1 982 ,  p. 1 33- 1 38 .  
The resu lts of unpu bl ished investigations into 
su rface su bsidence from coal m in ing  in the North­
ern Appalachian Coa lfield are summari zed . These 
invesitigations were carried out by various coal  
compan ies and the state of Pen nsylvan ia  i n  the 
1 960s and 1970s .  Subsidence data were col lected 
and ana lyzed from 1 0  room-and-pi l lar  panels in 5 
m ines in the Pittsbu rgh coal seam . 
Keyword (s ) :  room-and-pi l lar, grou nd contro l ,  
coa l  m in ing 
Location (s) :  Pen nsylvan ia ,  Appa lach ian Coal 
Region , Un ited States 
Koh l i ,  K. K . ,  T. Z. Jones . A S impl ified Computerized 
Method to Pred ict Maximum S u bsidence and the 
Subsidence Profi le for the Appalach ian Coal Bas in . 
I N :  Mine Subsidence, Society of M in ing  Eng ineers 
Fall Meeting ,  St. Lou is ,  MO, September, 1 986,  
M . M .  S ingh ,  ed . ,  S M E, Littleton,  CO, p .  3 1 -3 7 .  
This paper presents a s impl ified computerized 
method for the prediction of maximum subsidence 
and the subsidence profi le for the Appalach ian  Coal 
Basin using the Hyperbol ic Function Profi le Meth od .  
Severa l case h istories are cited to demonstrate the 
appropriateness of the predictive method . In  
addition ,  sample ru ns and a deta i led l ist ing of the 
computer program is provided . Other popular 
su bsidence pred iction methods are discussed and 
compared with the Hyperbol ic Function Profi le 
Method . 
Keyword (s) :  computer, prediction,  mode l ing ,  
profi le function ,  coal min ing,  longwa l l  
Location (s) : West Virg in i a ,  Appalach ian  Coal 
Reg ion,  Un ited States 
Kolesar, J. E . ,  E. C. Palmer, V. A .  Scovazzo . 
Su bsidence Mon itoring Plan of Longwa l l  Panels--A 
Case Study, Kitt Mine No. 1 .  I N :  Proceedings,  
Workshop on Su rface Su bsidence Due  to 
Underground Min ing ,  Morgantown , WV, November 
30-December 2, 1 98 1 ,  S .S .  Peng and M .  Harth i l l ,  
eds . ,  Department of  M in i ng  Eng ineering ,  West 
Virg in ia  Un iversity, 1 982 ,  p. 225-229 . 
This paper deta i ls a proposed rock-mass­
response instrument plan for a longwal l  m in ing  
operation ,  includ ing descriptions of  instru mentation 
construction plans and practices . 
Keyword (s } :  mon itoring des ign,  mon itori ng  
insta l lation,  mon itoring equ ipment, i nstru mentation , 
lon gwal l  
Location (s} :  West Virg in ia ,  Appalach ian Coal  
Region , Un ited States 
2 20 
Kosteri n ,  M .  A.  Vliyan ie Ugla Poden iya I Razmerov 
Vyrabotki Na Kharakter M u l 1 dy Sdvizhen iya 
( I nfl uence of the Dip Angle and of the S ize of 
Excavation on the Natu re of the Subsidence 
Trough ) .  l zvestiya Vyssh i kh Uchebnykh Zaveden ij 
Gornyj Zh u rna l ,  no .  3 ,  1 974, p .  43-49 . 
Keyword (s) :  geolog ic featu res, mine design 
Kot, A . ,  P .  Trzcion ka,  J. Bryla . Praktyczna Metoda 
Wyznaczn ia  Parametrow Teorii Ruchow Gorotworu 
( Practica l  Method for Determ in ing  the Parameters of 
the G round-Displacements Theory} . Przeglad 
G orn iczy, v. 2 8 ,  no .  1 2 , 1 972,  p .  582-587 . 
Keyword (s) :  prediction ,  model i ng  
Kotze, T .  J .  The Natu re and Magn itude of  Su rface 
S u bsidence Resu lti ng  from Min ing  at Relatively 
Sha l low Depths on Plati n u m  Mines .  I N :  Pro­
ceed ings,  SAN G O R M  Symposium,  October 2 1 ,  
1 986,  Sandton,  South Africa, I nternational  Society 
for Rock Mechan ics, South African National  G roup,  
p .  47-5 1 .  
With the advent of tota l extraction methods on  
coal m ines, t he  attention has so  intensely been 
focused on what happens when the overburden is 
relatively soft that there may be a tendency for 
m in ing  eng ineers to forget that s imi lar  problems can 
occu r even when the overly ing measures are strong 
and competent .  
Keyword (s) : meta l m in ing ,  overburden , coal 
m in ing ,  roof support, surface structu ral damage,  
su rvey methods 
Location (s) : South Africa 
Kowalczyk, Z. Effect of M in ing  Exploitation on the 
G round Su rface and Structu res in Heavily 
I ndustria l i zed and Popu lated Areas . Canadian 
I n stitute M in ing  & Meta l l u rgy Transactions, M in ing  
Society, Nova Scotia ,  v .  69 ,  1 966, p .  387-393 . 
The author describes a proposed su bsidence 
prediction theory th at wou ld permit the deter­
mination of su rface deformations for p lanned 
u ndergrou nd explo itation . 
Keyword (s) : vertical d isplacement, h orizontal 
d isplacement, su rface structu ra l  damage, mine 
design ,  prediction theories, eng ineering ,  
construction,  land-use p lann ing 
Kraj , W .  Proba Uzyskan ia  W Gorotworze Jako 
Osrodku Sprezysto-Lepkim N iecki St. Knothego 
(Attem pt to Determ ine if a Rock Mass is Considered 
as a Viscoelastic Med ium in St. Knothe 1 s  
S u bsidence Troug h ) .  Arch iwum Gorn ictwa,  v .  1 8 , 
n o .  2 ,  1 973,  p .  1 1 1 - 1 2 1 . 
Keyword (s} :  prediction theories, empirical  
model, profi le function 
Krantz, G .  W . ,  J .  C. LaScola . Longwal l  M ine  
Subsidence Surveying--An Eng ineering  Tech nology 
Comparison . I N :  Mine S u bsidence Control ,  
Proceedings Bu reau of M ines Tech nology Transfer 
Seminar,  P ittsbu rgh ,  PA, September 1 9, 1 985 ,  U . S .  
Bu reau of M ines IC  9042, p .  2- 1 2 . 
A typical longwal l  m ine  subsidence survey 
mon itor ing grid was insta l led at the US BM . 
Conventional  and high-tech nology surveying 
systems were developed over the grid  du ri ng  a 
1 -month period . This investigation eva luated 
and compared five surveying methodolog ies 
avai lab le for use in  su rface longwal l  subsidence 
mon itori n g .  
Keyword (s} :  su rvey des ign,  mon itoring 
methods, longwal l ,  mon itor ing design ,  photography, 
survey methods 
Location (s} :  Pennsylvan ia,  Appalach ian Coal 
Region , Un ited States 
Kratzsch , H .  Reduced Subsidence by Planned 
Extraction . Bergbau-Arch iv, Essen,  v .  2 5 ,  n o .  5 ,  
December 1 964, p .  1 5-2 1 . 
Th is paper examines the infl uence of the 
location and sequence of mine work ings on the 
stresses affecting a bu i ld in g .  
Keyword (s} :  m ine design ,  surface structu ral 
damage 
Kratzsch , H. Der Zeitfaktor i n  Der 
Boden bewegungsku nde (Time Factor in Theory of 
Surface Subsidence } .  G l ueckauf-Forsch ungshefte, 
v. 29, no. 6, December 1 968 ,  p. 323-330.  
Keyword (s} : t ime factor, pred iction theories 
Kratzsch ,  H. Bergschadenkunde (M in ing  S u bsidence 
Engineering } .  Spr inger-Verlag ,  Berl in -Heidelberg­
New York, 1 974, 582 p .  
Keyword (s } :  vertical d isplacement, horizonta l  
displacement 
Kratzsch , H. M in ing  S u bsidence Eng ineering . 
Springer-Verlag,  Berl in -Heidelberg-New York, 1 983,  
53 5 p .  
Th is book deals with the current state of  
internationa l  knowledge on strata and ground  
movement over mine workings, i nc lud ing  deta i led 
descriptions of the damaging effects to mine shafts 
and the ground surface . 
2 2 1 
Keyword (s } :  vertical d isp lacement, horizonta l 
d isp lacement, surface structu ra l  damage, 
subsu rface structural damage, law 
Location (s) : Germany 
Krau land ,  N . ,  P . - E .  Soder.  Determin ing  P i l lar  
Strength from Pi l lar  Fa i lu re Observation . Eng ineering 
& Min ing Journa l ,  v .  1 8 8 ,  no .  88 ,  August, 1 987 ,  p .  
34-40. 
On  the basis of field observations, the process 
of p i l l a r  fa i l u re h as been divided into six stages, 
each stage h av ing v isua l ly wel l  d iscern ible 
characteristics .  By combin ing these fa i l u re stage 
observations with pi l lar load calcu lations in an 
advanced stage  of m in ing ,  mine plann ing  eng ineers 
can determine  large scale p i l lar  strength for mine 
design purposes . Th is method has been appl ied in  
room-and-p i l lar  m ines of  Bol iden Mineral AB for 
p i l l a r  d imens ion in g .  Deta i ls  of the appl ication to the 
Black Angel  Mine of G reenex A/S in  Marmori l i k, 
G reen land ,  are described . The observed large 
scatter of p i l l a r  stren gth i s  hand l°ed by divid ing the 
ore body i nto p i l lar  areas with s imi lar  condit ions 
with rega rd to geology, orebody, and p i l lar  
geometry, and  d ip .  Stress measurements were 
conducted in e ight p i l lars having d ifferent degrees 
of fractur ing to confi rm the calculated load levels 
for the p i l l a r  classes . 
Keyword (s) : p i l lar  strength , room-and-p i l l a r, coal 
m in i ng ,  metal m in i ng ,  m ine  design 
Location (s) : G reen land 
Krausse, H-F . ,  H .  H .  Damberger, W .  J .  Nelson , S .  
R .  H u nt, C .  T.  Ledvina,  C .  G .  Treworgy, W .  A .  
Wh ite . Eng ineering  Study of Structu ra l Geologic 
Features of the Herrin {No .  6 )  Coa l and Associated 
Rock in I l l i no is .  F ina l  Report, Contract No . 
H02420 1 7, U . S .  Bureau of Mines,  1 979 ,  205 p .  
Keyword (s) : eng ineering ,  geologic features, coal 
m in ing  
Location (s} : I l l i nois, I l l inois Coal Basin ,  Un ited 
States 
Kreitler, C. W .  Lineation and Active Fau lti ng in  the 
Houston-Ga lveston Area of Subsidence . Geological 
Society of America, Abstracts with Programs, v .  7, 
1 975 ,  p. 1 80 .  
Keyword (s) : flu id extraction ,  geolog ic featu res 
Location {s } : Texas, Un ited States 
Kreitler, C. W . ,  C. R. Lewis, D. McKal ips .  Geologic 
Control of Lan d  Subsidence, Houston-Galveston , 
Texas .  G eological  Society America , Abstracts with 
Programs, v. 7, 1 975,  p .  1 1 54 .  
Keyword (s) :  fl u id extraction 
Location (s) : Texas, Un ited States 
Kreitler, C. W. Fau lt ing and Land S u bsidence from 
Ground-Water and Hydrocarbon Production ,  
Houston-Ga lveston,  Texas .  IN :  Proceed ings,  2nd 
I nternationa l  Sympos ium on Land  S u bsidence, 
Anaheim, CA, December 1 3- 1 7 ,  1 976,  I nternationa l  
Association of  Hydrolog ical Sciences Pub l ication 
No. 1 27,  Wash ington D . C . ,  1 977 ,  p. 435-446 . 
Keyword(s ) : hydrology, subsurface water,  o i l  
extraction ,  f l u id  extraction 
Location (s) : Texas, Un ited States 
Kreitler, C. W. Fault Control of S u bsidence, 
Houston , Texas .  G round Water, 1 5 , 1 977,  p .  
203-2 1 4. 
Keyword (s ) :  geolog ic featu res, hydro logy 
Location (s ) :  Texas, Un ited States 
Krey, T. C. I n-Seam Seismic Exploration 
Tech n iques .  I N :  Coa l Exploration ,  Proceed ings 1 st 
International  Sympos ium,  Mi l ler  Freeman ,  San 
Francisco, CA, 1 97 6, p .  227-235 . 
Keyword (s) :  roof stab i l ity, seismic, coa l m in i ng  
Kripakov, N .  P .  N umerical Mode l ing Appl ied to 
S imu lating Cutter Roof Fa i lure in  Underg rou nd Coal 
Mines .  I N :  Proceedings, 3rd Conference on G round  
Control Problems in  the  I l l inois Coa l  Bas in , Mt .  
Vernon,  I L, August 8- 1 0, 1 990, Y. P .  Ch u g h ,  ed . ,  
Southern I l l i nois Un iversity, Carbondale,  p .  
1 43- 1 54. 
This paper presents an overview of the 
appl ication by the US BM of th ree u n ique  n umerical  
model ing techn iques to ana lyze cutter roof 
problems in undergrou nd coal mines .  Cutter roof 
fa i l u res are common in coal mines where the 
immediate roof is often composed of th i n  sha le 
laminae exposed to h igh  reg iona l  tecton ic  stress 
fields .  
Keyword (s) :  roof stabi l ity, coa l min ing,  
model ing ,  roof support, f in ite element, roof boltin g ,  
geologic features, bou ndary element 
Location (s) : Pen nsylvan ia,  West Virg in ia ,  I l l i nois 
Coal Bas in , Appalach ian Coal Region , Rocky 
Mou nta in  Coal Region, Un ited States 
Krishna,  R . ,  B .  N .  Wh ittaker .  Floor Lift in M ine  
Roadways--Recent I nvestigations and Modern 
Methods of Control . Col l iery G uardian ,  November, 
1 973,  p .  39 6-402 . 
Keyword (s ) :  mine operation,  floor stab i l ity 
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Krish na,  R. Progress in  G round Control 
I n stru mentation . I N :  Proceed ings,  I nternationa l  
Sympos ium on Underground Eng ineering ,  New 
Delh i ,  I nd ia ,  B. S i ngh ,  ed . ,  Apri l  1 4- 1 7 , 1 98 8 ,  
Ba lkema,  Rotterdam,  p .  83-8 9 .  
The author stud ied the mechan ics of subsurface 
deformation caused by caving  of the extracted area 
in a m ine in the Ran igunj Coalfiel d .  The earl ier 
research find ings ind icate that the surface su b­
sidence takes place as a resu lt of deformation in  
u nderground  and interven ing  strata . The paper 
describes some of the instru ments being  used in 
th is  project for study of the above phenomena, 
a long with a few of the latest ones that are cur­
rently being developed to provide basic data for 
design ing  safe and economical  u nderground 
structu res . 
Keyword (s) : coa l m in ing ,  mon itoring  design ,  
mon itoring  equ ipment, overburden , instru mentation , 
remote sens ing,  seismic 
Location (s ) :  I nd ia 
Ku lhawy, F .  H .  Geomech an ical Model  for Rock 
Foundation Sett lement. I N :  Proceedings, ASCE,  
Jou rna l  of the G eotechn ica l  Eng ineering Divis ion , v .  
1 04, GT2 ,  Februa ry · 1 978 ,  p .  2 1 1 -227 . 
Keyword(s) : foundations, geotechn ica l ,  
eng ineeri ng ,  model ing  
Location (s) : Un ited States 
Ku mar, R . ,  N .  C. Saxena,  B. S ingh . Measu rement of 
Horizontal and Vertical Movements on the S u rface 
Caused by M in ing  Excavations .  Journa l  of 
Eng ineering  Geology, v. 7, no .  1 ,  1 975,  p .  
429-43 6 .  
Keyword (s) :  mon itoring  equ ipment, model i ng ,  
h orizontal d isplacement, vertica l d isplacement, 
mon itori ng  methods 
Ku mar, R . ,  N. C. Saxena,  B .  S ing h .  A New 
Hypothesis for S u bsidence Prediction . Journa l  of 
M ines, Meta ls and Fuels, 1 983,  p .  459 . 
Keyword (s) : pred iction 
Ku mar, S .  R . ,  B .  S ing h .  I nvestigations on Su rface 
S ubsiden ce in M ine  No .  1 .  Centra l M in ing  Research 
Station , Dhanbad,  Bihar, I nd ia,  Research Paper 34, 
May, 1 967,  1 7 p .  
Keyword (s) : coal m in ing  
Location (s ) :  I nd ia 
Ku mar, S .  R .  Mine S u bsidence Investigations Over a 
Longwal l  Work ing and the Pred iction of Subsidence 
Parameters for I nd ian  M ines .  I nternationa l  Jou rna l  
of Rock Mechan ics and Min ing  Sciences & 
Geomechan ics Abstracts, v .  1 0, 1 973,  p .  1 5 1 - 1 72 .  
Resu lts of su bsidence investigat ions over th e 
workings of a longwal l  panel ,  above wh ich two old 
workings were present are described in  th is paper.  
These resu lts provide a typical example of sub­
sidence behavior in I ndian m ines .  The comparison 
of observed and calcu lated subsidence parameters 
and their conform ity with the authors 1 equations are 
discussed for th is particu lar  case in deta i l .  Th ree 
other case h istories are a lso briefly described to 
demonstrate the su itab i l ity of the authors 1 approach 
for the prediction of subsidence effects in  I nd ian 
mines . 
Keyword (s) :  active mines, abandoned m ines, 
longwal l ,  prediction ,  mu ltip le-seam extraction 
Location (s) :  I ndia 
Kumar, S.  R . ,  B .  S ingh ,  K.  N.  S i nha .  S u bsidence 
Investigations in  I nd ian Mines .  I N :  Proceedings,  4th 
An nua l  Sympos ium on Subsidence in M ines,  
Wollongong ,  Austra l ia ,  February 20-22,  1 973,  A . J .  
Hargraves, ed . ,  Austra las ian I nstitute M i n i n g  & 
Meta l l u rgy, l l l awarra Branch,  Paper 6, p .  6- 1 - 6-8 . 
The su bsidence behavior in I nd ian coa l m ines 
indicates smal ler va lues of the ang le of draw, smal l  
va lues of  maximum subsidence and the d istribution 
of su bsidence over smal ler surface area over the 
worked out area . The reasons for these special  
effects may be the hard nature of overlying  strata 
and smal l  a reas of work ing in i ndividua l  pane ls .  
Mines were worked on the bard-and-p i l lar  system,  
the longwa l l  system,  the  French method of  working  
thick seams, the  kn ife edge system of  extraction 
p i l lars on a longwal l  basis ( Russian method) and by 
a partia l  extraction system . Some workings were 
stowed with sand and some were caved . 
Keyword (s) :  coa l m in ing ,  stowing ,  room-and­
p i l lar, longwal l ,  p i l lar  extraction , angle of draw, 
overburden , geologic featu res, vertical  
displacement, horizonta l  d isplacement 
Location (s) :  I ndia 
Kuszn i r, N.  J . ,  D .  Ashwin ,  A .  Brad ley .  M in ing  
Induced Seismicity in the  North Staffordsh i re 
Coa lfield ,  Eng land .  I nternationa l  Journa l  of Rock 
Mechan ics and Min ing  Sciences & Geomechan ics 
Abstracts, v .  1 7 , no. 1 ,  February, 1 980, p. 45-5 5 .  
Min ing induced seismic ity associated with 
longwa l l  coa l extraction in  North Staffordsh ire, 
Eng land,  was investigated in order to establ ish the 
cause and mechan ism of the seismicity . The study 
shows that seismicity is d i rectly caused by active 
rnin ing with earth tremor hypocentres moving in  
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u n ison and in  advance of the face . The seismicity 
does not appear to be d irectly associated with any 
of th e major fau lts bounding th e mined area .  
Keyword (s) :  seismic, coal m in ing ,  rock 
mechan ics, longwal l ,  geologic features, mon itoring 
methods 
Location (s) : Eng land 
Kuszn i r, N .  J . ,  K .  R .  Wh itworth . Use of Synth etic 
Fractu re Logs Derived from Borehole Geophysics to 
Assess M ine  Roof and Floor Qua l ity . Internationa l  
Journa l  M in i ng  Eng ineering ,  October, 1 983,  p .  
253-260.  
Keyword (s ) : roof stabi l ity, f loor stabi l ity, 
geophysical  
Kuszn ir ,  N .  J . ,  K .  R.  Wh itworth , K.  Atkinson,  R .  
Brass ington . Experience in  the Appl ication of 
RocTec, a New Method of Obta in ing Rock Qua l ity 
Data from Borehole Geophysical Logs .  I N :  Ex­
tractive l ndu.stry G eology Conference,  Warwick, 
Eng land,  March 1 983,  I nstitution of Geolog ists, 
London , p .  69-95 .  
Th is paper describes a method to a id 
prospectin g  for and eva luation of non-meta l l ic rocks 
and m inera ls . 
Keyword(s ) : overbu rden,  geophysical ,  rock 
mechan ics, geotech n ica l ,  non-meta l m in ing  
Location (s) :  Eng land 
Kuti , J .  M in ing  Eng ineering Aspects of  Longwal l  
System Parameters in  North America . Coal M in ing  
I nstitute of  America, December 1 1 , 1 969 . 
The development of longwal l  systems designs 
in  the U . S .  is  compared to the European experience .  
Keyword (s) :  coal m in i ng ,  longwal l ,  m ine  design 
Location (s) :  Un ited States, Europe 
Kuti , J. Eng ineering  Approaches to Rock Mechan ics 
Problems in Longwa l l  M in i ng .  AI M E  Preprint No . 7 1 -
F-340, 1 97 1 . 
Problems with longwa l l  m in ing  in the Un ited 
States a re d iscussed, inc lud ing the effects of 
sha l low workings and roof control . 
Keyword (s ) :  coal m in ing ,  roof stabi l ity, roof 
support, longwa l l ,  mine des ign,  geologic features 
Location (s) : Un ited States 
Kuti, J. Longwa l l  vs . Shortwa l l  Systems . American 
M in i ng  Congress Journa l ,  August 1 975,  p. 24-33 . 
Keyword (s ) :  longwal l ,  shortwal l ,  mine design,  
g round contro l ,  roof support, coa l min ing 
Kut i ,  J .  Longwal l  M in ing  i n  America . Society of 
Min ing Engineers Preprint 78AU336, September, 
1 978 . 
Keyword (s) :  longwa l l  
Location (s) : Un ited States 
Kuti , J .  Longwal l  M in ing  in America . M in ing  
Eng ineering ,  November 1 97 9 ,  p .  1 593- 1 602 . 
Th is article covers the h istorica l backgrou nd  of 
longwal l  m in ing ,  general statistics for the Un ited 
States and other countries, state of the a rt, 
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development trends, and forecasts longwal l  
systems of the future . The author states that 
immediate development wi l l  be determined by the 
n eed to comply with health and  safety regu lat ions 
without sacrific in g  production . 
Keyword (s ) :  longwal l ,  coal m in i ng ,  m ine  
operation 
Location (s) : Un ited States 
Laage, L. W .  The Development of G u ide l ines for 
Closing Eastern Underground Coal Mines .  M . S .  
Min ing Eng ineering thesis, Mich igan Technological  
Un iversity, Houghton,  1 982 ,  1 32 p .  
Coa l production from underground  mines h as 
been important to the development of the industria l  
economy of  the  Un ited States . Environmenta l prob­
lems inc lud ing su bsidence have developed from 
some abandoned operation s .  The u ndesirable 
present-day situations cou ld have been avoided or 
at least min imized by varying  certa in m in ing  prac­
tices or mine closu re procedures . 
Keyword (s) :  coal m in ing ,  abandoned mines, 
active mines, mine waste, mine fires, m ine  
operation ,  law, govern ment, surface structu ra l 
damage, surface water, reclamation 
Location (s) :  Oh io, I l l i nois,  Un ited States 
Lacey, R. M .  Damage Resu lt ing from Coal M ine  
Subsidence. Citizen Participation and Attitudes as a 
Gu ide to Governmental Action . M . S .  Thesis, 
Southern I l l i nois Un iversity at Edwardsvi l le ,  
Februa ry, 1 978 . 
The pu rpose of this paper is to provide some 
information and gu idance for those decis ion-makers 
and the publ ic  who may at some point in the futu re 
be faced with subsidence problems . An incident is 
recou nted where subsidence was occu rr ing and 
adjustments to  the  problem were sou ght .  
Keyword (s) :  surface structu ra l damage, coal 
mining, abandoned mines, l iteratu re search , 
govern ment, h istorica l ,  fou ndations, construction,  
land-use plan n ing ,  law, insurance, hydrau l ic 
backfi l l i ng 
Location (s) :  I l l i nois,  I l l i nois Coa l  Basin , Un ited 
States 
Lacey, W .  D . ,  H .  T. Swain . Design for M in ing  
Subsidence . Arch itecture Journa l ,  October 1 0, 
1 9 57,  v .  1 26,  no .  3287,  p .  557-570.  
Keyword (s ) :  arch itecture, coa l  min ing,  
construction , engineering ,  foundations 
Location (s) :  England 
Lacey, W. D.,  H. T .  Swain . The Development of the 
Notts System of Construction . Arch itectu re Journa l ,  
October 24,  1 957,  v .  1 26, no .  3288 ,  p .  63 1 -63 6 .  
Keyword (s) :  construction, arch itectu re, 
engineering,  fou ndations 
Location (s) :  Eng land 
Lacey, W .  D. ,  H .  T .  Swain . Three Nottinghamsh ire 
Schools .  Arch itectu re Journa l ,  v .  1 29 ,  no .  3348, 
1 9 60, p .  65 1 -668 . 
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Keyword (s) : architectu re, coal  m in ing ,  
fou ndations 
Lackington ,  D .  W. ,  B .  Robinson . Articu lated Service 
Reservoi rs in M in ing  Su bsidence Areas .  Jou rnal  of 
the I n stitution of Water Eng ineers, v .  27, 1 973,  p .  
1 97-2 1 5 . 
Keyword (s ) :  su rface water 
La ird, R .  8 . ,  A .  L .  Amundson , G .  J .  Cola izz i ,  L. M .  
Bithel l .  G eologic Condit ions Affecting  Coal Mine 
G round  Control in  the Western Un ited States.  U . S .  
Bureau o f  M ines O F R  63-86, Goodson and 
Associates, I n c . ,  Denver, CO, December, 1 985 ,  
200 p .  ( NTIS PB86-2 1 7 1 7 1  /WNR)  
An investigation was conducted into geologic 
features affectin g  coa l mine ground control in  wes­
tern u nderground  coal m ines .  The study involved a 
l iterature search . Data on min ing operations were 
col lected by interviewing  min ing  and research 
personn e l .  Se lected mines were tou red with in  1 0  
coalf ields in  Utah and Colorado.  
Keyword (s ) : l i teratu re search,  ground contro l ,  
roof stabi l ity, geologic featu res, coa l  min ing 
Location (s) : Utah ,  Colorado, Rocky Mou nta in  
Coal Reg ion,  Un ited States 
Lama,  R .  D . ,  P. Maxon , D. M .  S h u . Pred iction of 
S u bsidence Due to Longwa l l  M in ing  at West C l iff 
Col l iery .  I N :  Proceedings,  Sympos ium on Ground 
Movement and Control Related to Coal Min ing ,  
l l lawarra , Austra l ia ,  August, 1 986,  N . I .  Az i z ,  ed . ,  
Austra las ian I nstitute o f  M in ing  a n d  Meta l l u rgy, p .  
3 1 1 -323 . 
S u bsidence profi les at West Cl iff col l iery, in  
the l l lawarra coa l  measures, Austra l ia ,  have been 
predicted by three methods, the NCB empirical 
method, Sa lustowicz ' s  profi le fu nctions, and the 
method of superposition of crit ical su bsidence 
profi les . A method of pred icting maximum sub­
s idence u sing  local data is a lso presented . Resu lts 
are a lso compared with field measu rements for the 
fi rst fou r  longWal l  panels . Strata movements above 
the extracted longwal ls are a lso d iscussed . 
Keyword (s) : coal m in ing ,  longwal l ,  prediction , 
p rediction theories, Nationa l  Coal Board, empirica l  
model,  p rofi le function , su rvey data processing, 
overburden , active m ines 
Location (s) : Austra l ia 
La Moreaux, P. E . ,  J .  G .  Newton . Catastrophic 
S u bsidence : An Environmental Hazard, Shelby 
County, Alabama .  Envi ron mental Geology Water 
Science 8, 1 986,  p. 25-40 . 
Keyword (s) :  geologic featu res, hydrology 
Location (s) : Alabama, Un ited States 
La Moreux, P. E. Catastroph ic Subsidence, Shelby 
Cou nty, Alabama . I N :  S inkholes :  Their  Geology, 
Eng ineering and Environ mental I mpact, Proceedings 
1 st Mu ltidisc ip l inary Conference on S i n kh oles, 
Orlando, October 1 5- 1 7 , B . F .  Beck, ed . ,  1 984, 
Ba lkema, Rotterdam, p.  1 3 1 - 1 36 .  
Recent subsidence a n d  col lapse of the l and  
surface in  at  least th ree areas underla in  by  car­
bonate rocks in Alabama h ave dramatica l ly demon­
strated the need for greater u nderstand ing  of  the 
causative mechan isms involved . Bu i ld ings,  h igh­
ways, ut i l ity l i nes, oi l  and gas p ipe l ines, and con­
structions of  a l l  types are th reaten ed by these col­
lapses . This paper describes some of the remote 
sens ing methods used to investigate th is problem . 
Keyword (s} :  geolog ic features, remote sensing ,  
photography, hydrology 
Location (s) :  Alabama, Un ited States 
Land,  L. F . ,  C. A. Armstrong .  A Prel im ina ry Assess­
ment of Land-Surface Subsidence in  the El  Paso 
Area, Texas.  Water-Resou rces Investigations Report 
No .  WRI  85-4 1 55,  1 985 ,  U . S .  Geological  S u rvey, 
Denver, CO, 96 p .  
Keyword (s) :  su rface subsidence damage,  fl u id 
extraction 
Location (s} : Texas, Un ited States 
Landes, K.  K . ,  T.  B. Piper. Effect Upon Environ ment 
of Br ine Cavity Subsidence at G rosse I sle ,  M ich i­
gan . Solution Min ing  Research I nstitute Report 
S M R I  72-0003, 1 97 1 ,  55  p .  
Keyword (s) : non-meta l m in ing ,  environment 
Location {s) : Mich igan,  Un ited States 
Landes, K. K. Recent Subsidence Hami lton County, 
Kansas . Association Petro leum Geolog ists Bu l leti n ,  
v .  1 5 , no .  6, 1 978 ,  p .  708 . 
Keyword (s) : Kansas, Un ited States 
Landsberg, H. Record ing of Roof S u bsidence . 
Transactions, AI M E, v .  1 1 9 , 1 93 6, p .  1 39- 1 49 .  
Keyword {s) : instru mentation,  roof stabi l ity 
Lane, W. T . ,  J .  H .  Roberts . The Princ ip les of 
Subsidence and the Law of Su pport .  Alfred A .  
Knopf, Ltd . ,  London , 1 929 ,  3 1 1 p .  
Th is book gives the Engl ish m in ing  officia ls ' and 
tech n icians '  viewpoints at the  t ime ( 1 929 )  of  legal  
questions regard ing subsidence.  
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Keyword (s) :  g round control ,  descriptive 
theories, law 
Location (s ) :  Eng land 
Lang,  T .  A .  Rock Mechan ics Considerations in  
Design  and Construction . IN :  Proceedings 6th 
Sympos i um on Rock Mechan ics, Un ivers ity of 
M issouri -Rol la ,  October, 1 964, E . M .  Spokes and 
C . R .  Ch ristiansen,  eds . ,  p .  56 1 -605 . 
Th is  paper emphasizes general considerations 
and fundamenta l princ iples rather than deta i led 
procedu res . In most cases, the latter must be de­
veloped to meet the needs and requ irements of 
each job and site . 
Keyword {s) : rock mechan ics, mine design ,  
geologic featu res, lab  testing ,  in  situ testing ,  
geotechn ica l  
Lan gland,  R . ,  D .  F letcher .  Predicting Subsidence 
Over Coal Gasif ication S ites . UCI D- 1 7326,  Law­
rence Livermore Laboratory, 1 976,  Livermore,  CA. 
Keyword (s) : prediction ,  coa l gasification 
Lansdown, R. F. The Development of Pneumatic 
Stowing in the South Wales Coalfiel d .  Transactions, 
I nstitute of M in ing  Eng ineers ,  v .  1 08 ,  1 948, p . 5 1 2 . 
Keyword (s) : pneumatic backfi l l i ng ,  coal m in ing  
Location (s) : Wales 
Larson , M .  K., T. L .  Pewe . Origin of Land Sub­
s idence and Earth F issur ing,  Northeast Phoen ix, 
Arizona .  Bu l leti n Association of Eng ineering  
G eologists, 23,  1 986,  p .  1 39- 1 65 .  
Keyword {s) : geologic featu res, eng ineering  
Location (s) : Arizona,  Un ited States 
LaScola , J .  Aeria l  Measu rement of Min ing  Sub­
sidence . MinTech ' 90 :  The An nua l  Review of 
I nternationa l  M in i ng  Technology and Development, 
1 990, T . L. Carr, ed . ,  Sterl ing ,  p. 67-70. 
Keyword (s ) :  remote sensing,  surface 
subsidence damage, mon itoring  methods 
Location (s) : Un ited States 
LaScola,  J .  C. Comparison of Aeria l  and G round 
S u rveying of  S u bsidence Over an Active Longwa l l .  
U .S .  Bureau of  M ines R I  92 1 4, 1 988 ,  1 2  p .  
T h e  US BM repeatedly surveyed a grid of 
monu ments over an active longwal l  m ine panel  in  
southwestern Pen nsylvan ia du ring a 1 -year period . 
Both conventiona l  grou nd surveying techn iques and 
photogrammetry were used . The objective of th is  
investigation was to compare elevation measu re­
ments of subsidence obta ined from aerial and 
ground survey methods under dynamic ground  
condition s .  The  resu lts of  a statistica l  ana lysis of 
the su rvey data show that the mean of the d if­
ferences between 372 matched pa irs of e levation 
measurements was 0 . 20 foot {6 1 m m }  with a 9 5 %  
confidence interval o f  0 .05 foot { 1 5  mm} . The 
mean of the absolute va lues of the d ifferences 
was 0 .38  foot ( 1 1 6 mm}  with a 9 5 %  confidence 
interva l of 0 .04 foot { 1 2mm} . N inety-five percent of 
the absolute va lues of the d ifferences were less 
than 1 . 1 1  feet (338 m m } .  
Keyword {s} :  mon itori ng  methods, mon itorin g  
equ ipment, mon itoring insta l lation , su rvey methods, 
su rvey equ ipment, survey desig n ,  remote sens ing ,  
horizonta l  d isplacement, vertical d isplacement, 
photography, longwal l ,  active mines,  coa l m in ing  
Location {s} : Pennsylvan ia,  Appalach ian Coal 
Reg ion,  Un ited States 
Lau bscher, D. H . ,  H .  W. Taylor .  The I mportance of 
Geomechan ics Classification of Jointed Rock 
Masses in  Min ing  Operation s .  I N :  Proceedings 
Symposium on Exploration for Rock Eng ineering ,  
Johannesburg ,  November, 1 97 6 .  
Keyword (s } :  rock mechan ics, geologic features 
Location (s} :  South Africa 
Lautsch ,  H .  Princip les of the Theoretical Pred iction 
of Ground Movements--Comparison with Practical 
Resu lts and the Task of the Min ing  Su rveyor i n  the 
Appl ication of These Predictions .  I N :  Proceedings 
1 st Canadian Symposiu m  on Min ing  S u rveying and 
Rock Deformation Measurements, 1 969,  Un iversity 
of New Brunswick, Fredericton,  p .  2 93-324.  
Keyword {s} :  pred iction , su rvey methods 
Lautsch , H. Die Erweiterte Trogtheorie Zu r Deutu ng  
Bergbau l ich Bed ingter Bodenbewegu ngen 
( I nterpretation of the G rou nd S u bsidence, Caused 
by the Min ing  Exploitation ,  by Means of the 
Expanded Trough Theory} . G l ueckauf­
Forschungshefte, v .  35 ,  no .  5, October 1 974, p .  
1 67- 1 73 . 
Keyword (s} :  pred iction theories 
Lawson , J . ,  A. Winstan ley . The Working of Seams 
in Proxim ity. Transactions, I nstitution of M in i ng  
Eng ineers, v .  83,  1 93 1 -32,  p .  1 76- 1 90; d iscussion ,  
v. 84, 1 932-33,  p .  43-49 and  3 24-325 . 
Keyword(s} : mu ltip le-seam extraction ,  longwa l l ,  
coal  min ing 
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Leavitt, 8 .  R . ,  J .  F .  G ibbens .  Effects of Lon gwa l l  
Coa l  Min ing on R u ra l  Water Suppl ies and  Stress 
Rel ief Fracture F low Systems . I N :  Proceedings Th i rd 
Workshop on S u rface Subsidence Due to Under­
ground  M in i ng ,  June  1 -4, 1 992 ,  S .S .  Peng ,  ed . ,  
Morgantown , WV, p .  228-236 .  
The response o f  1 74 domestic water su ppl ies 
to longwal l  m in i ng  of the Pittsburgh  coa l seam was 
compared to various physical parameters . S ixty-fou r  
percent of  domestic water supp l ies returned to  ser­
vice without the need for intervention , wh i le 36% 
req u ired intervention to reestabl ish a su itable water 
sup ply.  Domestic wel l response is strongly cor­
related with the topograph ic setting .  Val ley wel ls 
showed the least effect whi le h i l ltop wel ls showed 
the greatest effect . 
Keyword (s } :  hydrology, subsurface water, 
longwa l l ,  coal m in ing ,  model ing  
Location {s} : Pen nsylvan ia ,  Oh io, West Virg in ia ,  
Appa lach ian Coa l  Reg ion,  Un ited States 
Ledv ina ,  C .  T . ,  C. W .  Sh abica, R. V. Sachs, K. 
Webb .  M in i ng  Geology of Secondary Pa leo-channels 
Affectin g  the Herr in (No .  6 )  and S prin gfield (No .  5 }  
Coals of I l l i no is .  I N :  Proceed ings 2nd Conference on 
G round  Control Problems in  the I l l inois Coa l Basi n ,  
M ay 1 98 5 ,  Y . P .  Chugh , ed . ,  Southern I l l i nois 
Un iversity, Carbondale,  p. 9- 1 8 . 
The deposition of the Herrin and Springfield 
Coals and overlying  strata was closely tied to 
pr imary {major} ,  easi ly mappable paleo-channel 
systems such as the Walshvi l le Channel and f i l l ,  
h erein  named the Walshvi l le  Sandstone, and the 
Ga latia Channel and fi l l ,  herein named the Galatia 
Sandstone .  Becau se of th is genetic relationsh ip,  
p rimary channels have profound effects on the 
geology of coa l ,  roof, and floor. Primary paleo­
chan nel  systems h ave been extensively mapped , 
and mines can be p lanned and operated to avoid 
them . Less obvious and predictable, h owever, are 
secondary paleo-channels . Secondary chan nels may 
be related to pr imary systems as tributaries or 
d istributaries and occur frequently where m ines 
operate or are contemplated . These channels almost 
a lways adversely affect m in ing  by disrupting the 
contin u ity of coa l ,  roof, or floor .  
Keyword (s } :  coa l  min ing,  geologic featu res, 
m ine  des ign , g round  control 
Location (s} : I l l i nois, I l l i no is  Coal Basin,  Un ited 
States 
Lee,  A. J .  The Effect of Fau lti ng on M in i ng  
Su bsidence.  The  M in ing  Eng ineer, v .  1 25, no .  7 1 ,  
August, 1 966,  p .  735-745 . 
Th is paper is a record of a pre l im inary 
investigation of the effects of fau lt ing on mine 
su bsidence . A summary is g iven of  the resu lts 
obta ined from a deta i led survey of a selected area . · 
These resu lts ind icate that fau lts are more 
important than genera l ly thought .  An ana lysis of the 
resu lts is made and tentative ru les are advanced for 
the pred iction of movement in  s impl if ied cases . 
Keyword (s) :  overburden , geologic featu res, 
pred iction , su rvey methods 
Lee,  F. T., J. F. Abel , Jr. S u bsidence from Under­
grou nd Min ing :  Envi ron mental Ana lys is and Pla n n i n g  
Considerations .  U .S . Geological  S u rvey C i rcu la r  
876,  1 983,  28 p .  
Subsidence is potentia l ly severe in  damage to 
surface uti l ities and structures, changes in water 
conditions, and effects on vegetation and an imals . 
To develop prediction methods and models for the 
Un ited States, more information is needed on 
magnitude and t iming of ground movements and 
geolog ic properties . 
Keyword (s) :  environ ment, land"."use p la n n ing ,  
hydrology, time factor, prediction , model i ng ,  
uti l ities, surface water, subsurface water, geologic 
features, wild l ife 
Location (s) : New Mexico, Wyoming,  Rocky 
Mountain Coal Region , Pen nsylvan ia ,  West Virg in i a ,  
Appalachian Coal Reg ion,  United States 
Lee, K.  L . , M .  E. Strauss .  Prediction of Horizonta l  
Movements Due to  Su bsidence Over M ined Areas .  
IN :  Land Su bsidence, Proceedings I nternationa l  
Symposium,  September 1 4- 1 8 , 1 969 ,  Tokyo, IAHS 
Publ ication 89,  v .  2 ,  1 969,  p .  5 1 2-522 .  
This paper reviews qua l itative and quantitative 
interrelations among vertical subsidence, geolog ical  
conditions, and resu lt ing horizontal movements . I t  
inc ludes a case h istory of  horizonta l movements 
occu rring over a su lfu r m in ing  area . 
Keyword (s) : vertical d isplacement, horizonta l 
d isp lacement, prediction , fin ite element, non-metal 
min ing,  geolog ic featu res 
Lee,  K. L . ,  C .  K. Shen . Horizontal Movements 
Related to Subsidence . ASCE Journa l  Soi l  
Mechan ics & Fou ndations Division ,  v .  69,  no.  SM 1 ,  
1 969,  p .  1 39- 1 66; v .  96,  no .  S M4, 1 970, p .  
1 464- 1 466 .  
Th is  paper reviews cases involving  
compressible foundations to  i l l ustrate the  extent of 
subsidence . Analytical methods and experimental 
studies are used to investigate mechan isms of 
horizonta l  movement. An earth dam constructed on 
2 2 8  
a compressible fou ndation is  used as an example of 
p red icted horizontal movements . 
Keyword (s) : ho ri zontal d isplacement, soi l  
mechan ics, prediction , fou ndations 
Lee,  P . A . ,  W. F.  Kane, E.  C. Dru m m, R .  M .  
Ben n ett . I nvestigation a n d  Model ing o f  Soi l ­
Structure I nterface Parameters . I N :  Proceedings 
Congress on Fou ndation Eng ineering ,  Evanston,  I L, 
J u ne 25-29,  1 989 ,  F . H .  Ku lhawy, ed . ,  ASCE, p .  
5 80-5 8 7 .  
Keyword (s ) : foundations, soi ls, model ing ,  
eng ineer ing 
Location (s) : Un ited States 
Lee,  P. H .  I nterface Parameters for Earth -Structu re 
I n teraction During  Min ing- Induced Subsidence . 
M .S .  Thesis ,  Un iversity of Ten nessee, Knoxvi l le ,  
December, 1 98 9 ,  1 1 1  p .  
This investigation examines the tech n ique of 
p lac in g  variou s  materia ls under foundations to 
reduce friction . A hyperbol ic model,  in order to 
a l low futu re n u merical ana lyses, is presented to 
characterize th is type of interface behavior .  A series 
of d i rect shear tests were performed on various 
i nterface combinations of soi l  and construction 
materia ls .  The interfaces were tested over a range 
of normal stresses, which inc ludes the typical  
stresses to wh ich a residentia l  or l ight commercial  
faci l ity foundation might be subjected .  For each 
interface combination , shear  strength , shear 
stiffness, and hyperbol ic model  parameters were 
determ ined . 
Keyword (s) : surface structu ral damage, 
structural mitigation ,  fou ndations,  model i ng ,  soi ls,  
coal m in i ng ,  active mines,  lab testing 
Location (s) :  I l l ino is,  I l l ino is Coa l Basin ,  United 
States 
Lee, R. D. Testin g  Mine F loors . Col l iery Eng ineering, 
v .  38, no. 448 , 1 96 1 . 
Keyword (s ) :  f loor stab i l ity, in situ testing 
Leeman,  E .  R .  The Measu rement of Stresses in  
Rock.  (a )  Part I :  The Princi ple of  Rock Stress 
Measurements; (b) Part I I :  Borehole Rock Stress 
Measuring  I nstru ments; (c) Part I l l :  The Resu lts of 
Some Rock Stress I nvestigations .  Journal  South 
African I nstitute M in ing  & Meta l lu rgy (a )  September 
1 964, p. 45-8 1 ;  (b)  September 1 964, p. 82- 1 1 4; 
(c)  November 1 964, p .  254-284.  
Keyword (s) : g rou nd control ,  instru mentation , 
rock mechan ics, in s itu test ing 
Location (s) : South Africa 
Leeman ,  E . .  R . ,  W .  L. Van Heerden . Stress 
Measu rements in Coa l P i l lars .  Col l iery Eng ineering ,  
pt . 1 ,  December 1 963; pt . 2 ,  January 1 964 . 
These articles present data obta ined from 
borehole stress measurements in  coal p i l lars .  
Keyword (s) :  coal m in ing ,  i nstrumentation , 
mon itor ing methods, p i l lar  strength , in s itu testin g  
Legget, R .  F .  Du isberg Harbor Lowered by 
Control led Coal M in i ng .  Canadian G eotec h n ica l  
Journa l ,  v .  9 ,  no .  4, 1 972 ,  p .  374-38 3 .  
M in ing operations led t o  the successfu l 
lowering of the Du isberg Harbor and associated 
industria l  faci l ities . S u bsurface geological 
cond itions,  p lann ing ,  and m in ing  operations are 
outl ined,  and resu lts described in deta i l .  
Keyword (s) :  hydrology, surface water, 
subsurface water, coal m in ing  
Lehr,  J .  What ' s  A l l  the Fuss About Lon gwal l  
Min ing? Water Wel l  Journa l ,  February 1 98 9 ,  p .  4-5 . 
Fou nd on the Editor ' s  Page, th is article 
describes the longwal l  m in ing  process and its 
effects on surface and subsurface hydrology . 
Accord ing to the author, i n  most cases, the net 
hydrogeological  resu lt of longwa l l  m in ing  is  
increased permeabi l ity, transmissib i l ity, and specific 
capacities of wel ls as a resu lt of the increases i n  
secondary fracturi ng .  Surface hydrology is less 
commonly affected ,  though local springs  may 
experience moderate decreases or increases i n  f low . 
With few exceptions, what amou nts to massive 
hydrofractur ing of the sha l low formations yields an 
improved groundwater system .  For  the most part, 
negative impacts are easy to remedy. 
Keyword (s) :  su rface water, subsurface water, 
hydrology, coa l min ing,  longwal l ,  overburden,  
geolog ic features, mine safety, su rface structu ral 
damage 
Location (s) : Un ited States 
Leighton , M .  W. Coa l Research at the I l l i nois State 
Geological Su rvey . I N :  Proceedings I l l ino is M in ing  
I nstitute, 1 986,  p .  20-45 . 
This paper discusses coa l research program at 
the ISGS in terms of present and future needs . 
Keyword (s) :  coal m in ing ,  environ ment, geologic 
features 
Location (s) :  I l l i nois,  I l l ino is Coal Bas i n ,  Un ited 
States 
Lenge, A .  I nspection and Correction of Damage to 
Rai lways Caused by Min ing  in the Saar .  I N :  
Proceed ings,  European Congress o n  G round  
2 2 9  
Movement, Leeds,  England, Apri l  9- 1 2 , 1 957 ,  
London Harrison , p .  1 06- 1 1 4 . 
Th is  paper describes the subsidence damage to 
rai l roads in the Saar m in ing  reg ion;  repa i r  methods 
used are a lso deta i led . 
Keyword (s) :  su rface structural damage, 
ra i lroads 
Location (s) : Eu rope 
Leonhardt, J. Bessere Standfestigkeit Von 
G ru ben bauen Durch Markscheiderische Messungen 
( Improved Stab i l ity of Workings by Measurements 
by M ine  S u rveyors ) . G l ueckauf- Forschu ngshefte, v .  
1 1 0, n o .  2 4 ,  December 1 974, p .  1 027- 1 029 .  
Keyword {s) : su rvey methods 
Lepper, C .  M . ,  F .  Ruskey . H igh Resolution Seismic 
Reflection Techn iques for Mapping Coal Seams 
from the S u rface . U .S .  Bureau of Mines, Coal Mine 
Hea lth and  Safety Program,  TPR 1 0 1 ,  1 97 6, 1 7  p .  
Keyword {s) :  roof stabi l ity, ground contro l ,  
seismic ,  coa l  min ing,  geologic features, mine safety 
Location (s) : Un ited States 
Leshendok, T .  V. Geologic Factors Related to 
S u rface S u bsidence Due to Underground Coal 
M in i ng . I N :  Proceedings,  4 1  st Annua l  Meeting 
Amer ican Society of Photogrammetry, Bou lder, CO, 
March 6-8 , 1 975 ,  p.  2 1 -2 2 .  
Keyword (s) : geologic featu res, coal m in ing ,  
su rface su bsidence damage 
Location (s ) :  Un ited States 
Leshendok, T. V . ,  R. V.  Amato, 0 .  R. Russel l .  
Remote Sens ing Appl ied to Mine  S u bsidence : 
Experience in Pen nsylvan ia and the Midwest . I N :  
Proceedings 4 1  st Annua l  Meeting of American 
Society of Photogrammetry, Bou lder, CO, March 
6-8, 1 975,  p.  298-307 . 
Keyword (s ) :  remote sens ing,  coal m in ing  
Location (s) : Pen nsylvan ia ,  Appalachian Coal 
Reg ion,  Un ited States 
Leting ,  H .  The Law Govern ing Dynamic Subsidence, 
Ti lts and  Cu rvatures Over a Working  Face During 
M in ing . I N :  G round Movements and Structu res, 
Proceedings 4th I nternationa l  Conference,  
Un iversity of Wales Col lege of Card iff, Ju ly 8- 1 1 ,  
1 99 1 ,  J . D. Geddes, ed . ,  Pentech Press, London,  
1 992 ,  p .  209-222 .  
Th is paper discusses the  laws govern ing 
dynamic  su bsidence, ti lt, and curvature during 
min ing ,  as opposed to the fina l ,  fu l ly developed 
su bsidence trough . A series of problems such as 
the d istribution of ground movements and  the ir  
derivatives, the ir  maximum va lues,  and the laws 
covering  the locations of these maxima ,  sti l l  await 
resolution . Based on data from stations set up for 
ground movement observations at Zij uang  m ine, a 
pre l iminary ana lysis and d iscussion are presented 
of the laws govern ing the subsidence, t i lts, and 
cu rvatu res of  a ha lf subsidence trough d i rectly over 
the face, before it is subjected to the dynamic  
effect brought about  by a critical or a supercritica l  
area of extraction . 
Keyword (s) :  horizonta l d isplacement, vertical 
displacement, survey data process ing 
Location (s) : Ch ina 
Leung ,  A. ,  J .  W .  Mahar, S .  S .  Huang,  M.  D.  
Boscardin . Mine Subsidence at the North land Drive -
South land Court Area, Bel lev i l le ,  I l l inois; Progress 
Report, June  30 to 1 98 1  to May 3 1 , 1 98 2 .  I l l i nois 
Abandoned Mined Lands Reclamation Counci l ,  
1 983, 4 1  p .  
Keyword (s) : su rface structu ral damage, coa l  
min ing,  abandoned mines 
Location (s) : I l l i nois, I l l ino is Coal Basin ,  Un ited 
States 
Levy, E. Rock F i l l i ng at Rio Tinto . Eng ineeri ng  and  
Min ing Journa l ,  v .  89 ,  1 9 1 0, p .  3 63 .  
This article describes h and stowing i n  a Span ish 
copper mine for roof contro l ,  due  to the l im ited 
avai lab i l ity of timber. 
Keyword (s) :  stowing ,  h istorica l ,  metal m in i ng ,  
roof su pport 
Location (s) : Spain 
Lewis, B .  C .  Longwa l l  M in i ng :  Futu re Concerns That 
Must Be Addressed . Min ing Eng ineeri ng ,  October, 
1 9 9 0, p . 1 1 7 0- 1 1  7 1 . 
This article l ists present trends i n  the coa l 
m in ing  industry. Also, responses to an industry 
questionna i re regard ing technological  needs are 
given,  with the number one category being 
subsidence-groundwater issues . 
Keyword (s) :  longwal l ,  hydrology, m ine  
operation , coa l m in ing ,  law 
Location (s) :  I l l i no is,  I l l i nois Coal Basi n ,  Un ited 
States 
Lewis, R . ,  A. Clark.  Elements of Coal M in i ng .  3rd 
Edition , McGraw-Hi l l ,  New York, 1 966 .  
Th is  text is designed to  acquaint  m in ing  
students with the  entire spectrum of  mine-related 
activities, both coa l and meta l .  Severa l chapters 
230 
deal with the su pport of m in ing  excavations, coal 
m in i ng  methods, and rock mechan ics . 
Keyword (s} : coal m in i ng ,  metal m in ing ,  rock 
mechan ics, m ine  design ,  mine operation 
Liebenbu rg ,  A. C. Bu i ld ing on Undermined G round .  
South African M i n i n g  Eng ineeri ng  Journa l ,  v .  8 1 ,  
n o .  403 8 ,  June  2 6,  1 9 7 0, p .  1 7 9 ,  1 8 1 - 1  8 3 .  
Keyword (s) : construction , eng ineering ,  land-use 
pla n n ing  
Location (s) : South Africa 
Lin ,  P. M . ,  S .  M .  Hs iung ,  S. S .  Peng .  I nvestigation 
of S u bsidence of AML:  A Case Study. I N :  Pro­
ceed ings 6th I n ternationa l  Conference on G round 
Control i n  M in ing ,  June 9 - 1 1 ,  1 987 ,  S . S .  Peng,  ed . ,  
West Virg in ia  Un iversity, Morgantown , p .  249-257 . 
Th is paper describes the approach employed for 
the determination of abandoned mine subsidence. A 
s ite i nvestigation was made f irst. Accord ing to the 
information obta ined from the s ite investigation,  a 
hypothesis was set u p .  Then instru mentation was 
u sed to prove the h ypothesi s .  By going th rough  the 
procedu res for several cases, a gu ide l ine which can 
be used by the inspectors to inspect abandoned 
mine  su bsidence wi l l  be establ ished.  
Keyword (s) :  abandoned mines, coa l  m in ing ,  
roof stabi l ity, floor stabi l ity, surface structu ra l  
damage,  b ituminous,  instru mentation 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Lin ,  P. M . ,  S .  S .  Peng .  Su rface Damage Due to 
Lon gwal l  M in i ng--A Case Study . I N :  Rock 
M echan ics as a G uide for Efficient Uti l ization of 
Natu ra l  Resou rces, Proceedings 30th U .S . 
Sympos ium,  1 98 9 ,  A .W.  Kha i r, ed . ,  Ba lkema,  
Rotterdam,  p .  5 1 9-52 6 .  
A subsidence mon itorin g  program over a 
longwal l  panel  was establ ished to explore the 
impacts of dynamic subsidence on the ground 
su rface and structures and to correlate the 
movements between the structures and their  
correspond ing points on the grou n d .  The program 
cons isted of a transverse l ine survey and a series of 
su rvey points around the structu res on the ground 
su rface and the i r  correspond ing su rvey points on 
the exterior wal ls  of the structu res . 
Keyword (s) : longwal l ,  mon itoring methods, 
su rface structu ral damage, su rvey methods, vertical 
d isplacement, coal m in ing  
Location (s) : West Virg in ia ,  Appalach ian Coal 
Region, Un ited States 
Lin ,  P .  M . ,  S . S .  Peng,  P .  Tsang . Abatement 
Optimization of Abandoned Mine Land Subsidence.  
SME Preprint No .  90- 1 65,  for presentation at the 
SME Annua l  Meeting ,  Las Vegas,  NV, February 2 6-
March 1 ,  1 990, 5 p .  
Th i s  paper presents an overa l l  stab i l i zation 
method to e l iminate the potential of reoccu rrence of 
subsidence over abandoned mine lands .  The 
method considers column g routing  at the specific 
locations inside the subsidence influence areas 
inc lud ing the destressed and stress concentration 
zones instead of groutin g  around  and beneath the  
damaged structures . The cond it ions of  stress 
d istribution in  the strata before and after g routin g  
can b e  calcu lated us ing t h e  f in ite element method . 
Keyword (s ) : abandoned mines ,  g routing ,  f in ite 
element, land-use plann ing ,  surface structu ral 
damage 
Location (s) :  Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Lin ,  P. M . ,  S. S .  Peng,  P. Tsang . Dea l i ng  with 
Subsidence on Abandoned Mine Lands . M in i ng  
Eng ineering ,  November 1 990, p .  1 245 . 
Column grout ing is a common method being 
appl ied to remedy a smal l -scale abandoned mine  
subsidence . The advantages are that  i t  is a s imp le  
operation and on ly  a sma l l  amount  of  groutin g  
materia l  is  used . However, th is  method m a y  not b e  
able to solve the long-term stabi l ity problem due to 
stress concentration . Subsidence will develop 
continuously if remedia l  measures are not provided . 
However, su bsidence sti l l  may reoccu r  if the 
remedia l  measures do not take i nto account  the 
stress concentration . 
Keyword (s) : g routing ,  abandoned mines,  coal 
m in ing,  surface structural damage, surface 
subsidence damage 
Location (s) : Un ited States 
Lin ,  P. N . ,  S .  M .  Hs iung,  S .  S. Pen g .  Pred iction of 
Abandoned Mines Trough Subsidence . I N :  
Proceed ings Sympos ium o n  Evolution of Abandoned 
Mine Land Technologies, R iverton ,  WY, June  
1 4- 1  6, 1 9 8 9 ,  p .  1 7 -3  5 . 
The objectives of th is study were to develop 
techn iques to locate the su rface subsidence area 
and the underground fa i l u re zone, and to recon­
struct the su bsidence profi le . These techn iques wi l l  
help to improve the effectiveness of the remedia l  
Progra m .  The probabi l ity ( influence)  fu nction 
method has been used to predict the su bsidence 
Profi le and ground movements caused by longwa l l  
min i ng .  The resu lts show a fai rly good agreement 
23 1 
with the  f ield data, especia l ly for flat terra in . I n  th is  
paper the method is extended to predict abandoned 
mine trough  subsidence only .  S inkhole subsidence 
is not d iscussed . 
Keyword (s) :  prediction , abandoned mines, 
structu ra l m itigation,  backfi l l i ng ,  influence fu nction ,  
model i ng ,  su rface structu ra l damage, horizonta l  
d isplacement, coal min ing,  room-and-pi l lar, longwal l  
Location (s ) : I l l inois,  I l l i no is Coal Bas in ,  
Pen nsylvan ia ,  Appalach ian Coa l Reg ion,  Un ited 
States 
Lin ,  S . ,  B. N .  Wh ittaker, D. J. Reddish . Appl ication 
of Asymmetrical I nf luence Functions for Subsidence 
Prediction of G ently I nc l ined Seam Extractions .  
I nternationa l  Journa l  o f  Rock Mechan ics a n d  Min ing 
Sciences & G eomechan ics Abstracts, v .  29,  no.  5 ,  
1 992 ,  p .  479-490. 
The pr inc ip le of the asymmetrical influence 
fu n ction method us ing variable functiona l  param­
eters is  deta i led for  predicting  su bsidence induced 
by the extraction of gently incl ined seams . Also 
dea lt with are the fundamental parameters neces­
sary for accu rate subsidence prediction and their 
relations with the seam d ip . Carefu l ly cal ibrated 
with respect to the Subsidence Eng ineers ' Hand­
book, the model  is appl ied for  su bsidence ana lysis 
of some cases of coa l fields from the Un ited 
Kingdom in comparison with the measu red data . 
Keyword (s ) :  inf luence fu nction, prediction ,  coal  
m in i ng ,  model i ng ,  longwal l ,  active m ines, geologic 
featu res, Nationa l  Coal Board 
Location (s ) : Un ited Kingdom 
Lindstrom,  P .  Longwal l  M in ing  Resu lts at the Radon 
M ine .  Transactions S M E-AI ME, December, 1 964, p .  
397-400. 
Th is artic le is in reference to longwa l l  m in ing  in  
a u ran i um mine  in  Uta h .  Su rface surveys ind icate an  
increase i n  su rface elevation outside the marg ins  of 
the extraction area . Th e author theorizes that a 
th ick ( 1 35 to 220 feet) sandstone layer canti levers . 
Keyword (s) : metal m in ing ,  longwal l ,  su rvey 
data processing ,  survey methods, overbu rden 
Location {s ) :  Uta h ,  Un ited States 
Listak, J .  M . ,  J .  L .  H i l l  I l l ,  J .  C .  Zelan ko .  D irect 
Measurement of Lon gwal l  Strata Beh avior : A Case 
Study. U . S .  Bureau of Mines RI 9040, 1 986,  1 9  p .  
Th i s  report describes a rock mechan ics study 
conducted to mon itor deformation of near-seam 
strata above a longwal l  panel  in  the Pittsburgh  
coalbed . The  pr imary goa l  was to  determine the 
height of caving  immed iately beh ind  advanc ing 
longwal l  face supports . 
Keyword (s } :  rock mechan ics, longwal l ,  
overburden,  mon itoring methods, coa l  m in ing  
Location (s) :  Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Listak, J .  M . ,  J .  L. H i l l  I l l ,  J .  C .  Zelan ko .  Charac­
terization and Measu rement of Longwal l  Rock Mass 
Movement. I N :  U .S . Bu reau of Mines IC  9 1 37 ,  
Eastern Coal M ine  Geomechan ics, Proceed ings 
Bu reau of  Mines Technology Transfer Seminar, 
Pittsbu rgh ,  PA, November 1 9, 1 986,  p .  1 2-26 .  
The US BM conducted a rock mechan ics study 
to monitor deformation of near-seam strata above a 
longwall panel in the Pittsburgh Coalbed . The 
primary goal of this research was to determ ine the 
height of caving immediately beh ind  advanc ing 
longwal l  face supports . Th is  study, a lthough s ite 
specific, provides information on the cavin g  
mechan ism associated with longwal l  extractions 
so that strata behavior and its interaction with 
longwal l  face supports can be better u nderstood . 
Keyword (s} :  longwal l ,  rock mechan ics, 
overburden,  roof support, coa l m in ing ,  geolog ic 
features, geotechn ica l ,  lab testing ,  instrumentation ,  
mon itor ing equ ipment, mon itori ng  methods 
Location (s} : Pennsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Listak, J .  M . ,  J .  C. Zelanko.  An Assessment of the 
Effects of Longwal l  Cha in P i l lar  Configu ration on 
Gate Road Stabi l ity . I N :  Rock Mechan ics, 
Proceedings of the 28th U . S .  Sympos ium,  J u n e  29-
Ju ly 1 ,  1 987,  l .W .  Farmer, e t  a l . ,  eds . ,  Tucson , AZ. 
Balkema, Rotterdam, p.  1 083- 1 09 3 .  
T h e  U S B M  conducted a study t o  assess the 
red istribution of min ing induced stress associated 
with longwal l  panel extraction . The objective of th is  
study was to assess the performance of various 
cha in  p i l lar  configurations on gate road entry 
stabi l ity . To ach ieve th is objective, f ield 
measurements were col lected and ana lyzed to 
develop profiles of the stress red istribution 
occu rr ing in the gate road cha in  p i l lars du r ing 
longwal l  panel  retreat m in i ng .  
Keyword (s} :  longwal l ,  coal m in ing ,  ground 
control ,  i nstru mentation , p i l l a r  strength , yie ld ing 
supports 
Location (s} : Pen nsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Littlejoh n ,  G .  S .  Soi l-Structu re I nteraction in M in i ng  
Areas with Particu lar  Relevance to  Horizontal 
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S ubgrade Restra int .  Ph . D .  Thesis, Department of 
Civi l  Eng ineering ,  Un ivers ity of Newcastle-upon­
Tyne,  1 966 .  
Keyword (s) :  su rface structu ral damage, 
fou ndations,  longwal l  
Littlejohn ,  G.  S .  Mon itoring  Fou ndation Movements 
i n  Relation to Adjacent G roun d .  Ground �ng ineering , 
v .  6, n o .  4, 1 973,  p .  1 7-22 .  
Location (s) : fou n dations,  mon itori ng  methods 
Littlejoh n ,  G .  S .  O bservations of Brick Walls S u b­
jected to M in ing  S u bsidence . I N :  Proceedings 
Conference on Settlement of Structures, Cam­
bridge, Apri l ,  1 974, Joh n Wi ley & Sons, New York, 
p .  384-3 9 3 .  
Th is paper describes a field experiment carried 
out at Peterlee New Town, County Durh am .  Brick 
wal ls with footings and footings without wal ls  were 
bu i lt and mon itored in order to make a deta i led 
investigation of their behavior when subjected to 
m in i ng  su bsidence . 
Keyword (s) :  su rface structural damage, 
construction , fou ndations, horizontal d isplacement, 
mon itorin g  methods 
Location (s} :  Un ited Kingdom 
Littlejoh n ,  G. S. Old Coa l Workin gs--A Cover-Up 
Job . G round Eng ineering ,  v .  8 ,  no .  1 ,  January, 
1 97 5 .  
Keyword {s ) : abandoned mines, coal m in ing  
Littlejoh n ,  G .  S .  Consol idation of  Old Coa l 
Workings .  G round Eng ineering ,  v. 1 2 , n o .  4, May, 
1 9 7 9, p .  1 5- 1 8, 2 0-2 1 . 
Bear ing in m ind  the variety of coal m in ing  
methods and extraction patterns developed in  
Brita in  over the centu ries, together with the 
present-day s ituation of  these same workings in  
various states of  deterioration or col lapse, no one 
method of treatment can be recommended to 
satisfy a l l  conditions .  
Keyword (s) : abandoned mines, coal m in i ng ,  
g routing ,  backfi l l i ng ,  Nationa l  Coal Board, geologic 
featu res 
Location {s) : Un ited Kingdom 
Littlejohn  G .  S. Su rface Stabi l ity in Areas Underla in 
by Old Coal Workings .  G round Eng ineering ,  v .  1 2 , 
n o .  2 ,  1 979 ,  p .  2 2-48 . 
Keyword (s) : abandoned mines, coal m in ing ,  
g round control 
Littlejohn ,  G .  S . ,  J .  M .  Head . S pecification for the 
Consol idation of Old Sha l low Mine Workings . I N :  
M ineworkings 84: Proceedi ngs,  I nternationa l  
Conference on Construction in  Areas of Abandoned 
Mineworkings, Edinburgh ,  1 984, M .C .  Forde, 
B . H .V .  Topping,  and H .W .  Wh ittington , eds . ,  
Eng ineering Techn ics Press, p .  1 3 1 - 1 40 .  
Keyword (s ) :  abandoned m ines, coal m in i ng ,  
eng ineering 
Litwin iszyn , J .  The Differential Equation of 
Displacements of Rock Masses . Bu l letin De 
L 'Academie Polona ise Des Sciences, v .  I ,  1 953,  p .  
38-40. 
Keyword (s} :  model ing 
Litwin iszyn , J .  Appl ications of the Equ ations of 
Stochastic Processes to Mechan ics of Loose 
Bodies . Arch ivu m Mechan ikik Stosowanej ,  v. 8 ,  
1 956,  p .  393-41 1 .  
Keyword (s) :  model ing ,  empirical  model , 
stochastic model 
Litwin iszyn , J .  The Theories and Model Research of 
Movement of G round Masses . I N :  Proceedings 
European Congress on Ground Movement, 
Un iversity of Leeds,  Eng land,  Apri l ,  1 957,  p .  
202-209 . 
Th is paper presents a series of d ifferential  
equations to describe subsidence phenomena us ing  
the  stochastic med ia approach . Mathematical and 
laboratory su bsidence models are described and 
summarized . 
Keyword (s ) :  prediction , model ing ,  empirical  
model , stochastic model, mathematical model 
Litwin iszyn , J. Fundamenta l Princ ip les of the 
Mechan ics of Stochastic Media . I N :  Proceedings 3 rd 
Congress on Theoretical and Appl ied Mechan ics, 
Bangalore, 1 957,  p.  93- 1 1 0 . 
Keyword (s) :  model ing ,  empiri ca l  model,  
stochastic model 
Litwin iszyn , J.  Time-Space Processes in  Stochastic 
Media I I .  Bu l leti n de L 'Academie Polona ise des 
Sciences, v .  7 ,  1 959 ,  p. 3 1 9-3 2 6 .  
Keyword (s) : model ing ,  empirical  model,  
stochastic model 
Litwin iszyn , J.  On a Certa in Problem of Stochastic 
Bodies with Discontin uously Non-Homogeneous 
Properties . Bul letin de L 'Academie Polona ise des 
Sciences, v .  7, 1 959 ,  p .  673-678 . 
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Keyword (s } :  model ing,  empirical model, 
stochastic model 
Litwin iszyn , J . ,  A. Z .  S molarski . On a Certa in  
So lution of  the Equation and its Appl ication to the 
Problems of  Mechan ics of  Loose Media . Bu l leti n de 
L 'Academie Polona ise des Sciences, v .  1 0, 1 962 ,  
p . 1 1 5- 1 2 1 . 
Keyword (s ) : model ing,  empirical model, 
stoch astic model 
Litwin iszyn , J. On Certa in  Linear and Non-Li near 
Strata Theoretica l  Models . I N :  Proceedings 4th 
I nternationa l  Conference on Strata Control and Rock 
M echanics, May 4-8, 1 964, Hen ry Krumb School of 
M ines,  Colu mbia Un iversity, New York, 1 965 . 
The author reviews theoretica l and experimental 
investigations conducted in  the field of 
d iscontinuous  media and their  appl ication to rock 
mechan ics . 
Keyword (s) :  model ing,  rock mechan ics, 
empirical  model, stochastic model 
Litwin iszyn , J .  Remark Concern ing the So Cal led 
"Po int  of the Attraction Centre11 and its Connection 
with the Formation of the S u bsidence Trough . 
Arch iwu m Gorn ictwa,  v. 1 9 , no .  3 ,  1 974, p .  
23 1 -23 6 .  
Keyword (s) :  model ing,  empirical model 
Litwinowicz, L., K .  Kaz imierz . Effect of M in ing  
Su bsidence on Near  Surface Underground 
Structu res . I N :  Strata Mech an ics, Proceedings of 
the Symposium,  Un iversity of Newcastle-u pon­
Tyne, Apri l ,  1 982,  l .W .  Farmer, ed . ,  E lsevier, New 
York, p.  2 20-22 2 .  
The effect o n  commun ication tunnels of 
h orizontal tens i le  deformations perpendicu lar to 
the tun n el axis was examined, and a genera l ized 
hypothesis for vertical and horizontal pressures 
was developed . 
Keyword (s) : su rface structu ral damage, vertical 
d isp lacement, horizonta l  d isp lacement, subsurface 
structu ra l damage,  uti l ities 
Location (s} :  Poland 
Litwinowicz, L .  The I nf luence of Horizonta l  Ex­
pansion on Soi l  Strength in M in ing  Areas . I N :  
G round  Movements and Structures, Proceedings 
3 rd I ntern ationa l  Conference, University of Wales 
I nstitute of Science and Technology, Cardiff, 1 984, 
J . D .  Geddes, ed . ,  Pentech , London, 1 985, p .  
397-403 . 
Extensiona l  soi l  deformations are developed 
in  the outer zone of m in i ng  depressions .  When a 
m in ing  face advances, soi l  near the su rface fi rst 
expands and then passes into a compression stra i n  
zone,  adversely affectin g  fou ndation con d it ions a n d  
caus ing bu i ld ing damage i n  m in ing  a reas . One  less 
recogn ized aspect of the problem is the extent of 
change i n  soi l  stren gth occu ri ng  in  the outer zon e .  
Keyword (s) :  soi ls, soi l  mechan ics, fou ndations ,  
su rface structural damage, active m ines 
Liv, B. S .  Motion of Rock Masses Due to Advanc ing  
Exploitation But  in  Light of  Theory of  Stoch astic 
Media . Bu l leti n ,  Academie Polona ise des Sc iences, 
Serie des Sciences Techn iques, v .  1 0, no. 4 ,  1 962 ,  
p .  243-252 . 
Keyword (s) :  model i ng ,  empirical model ,  
stochastic model 
Lizak, J. B . ,  J. E. Semborski . Hor izonta l  Stresses 
and Their I mpact on Roof Stabi l ity at the Nelms No .  
2 M ine .  IN :  Proceedings 4th Conference on G round  
Control i n  M i n i ng ,  West Virg i n i a  Un iversity, 
Morgantown , Ju ly 22-24, 1 985 ,  7 p .  
Keyword (s) : roof stabi l ity, g round  contro l ,  
horizontal d isplacement 
Lloyd, W.  D. The Effect of Coal M i n i n g  On the 
Overlyin g  Rocks and On  the Su rface . Transact ions 
I nstitute of M in i ng  Eng ineers, London,  v .  57,  
1 9 1 8- 1 9 I p • 7 4- 1 00 • 
Keyword (s) :  coal m in i ng ,  subsurface su bsidence 
damage, overburden , surface su bsidence damage 
Location (s ) :  Eng land 
Lofgren ,  B .  E .  Near-Su rface Land Subsidence i n  
Western San Joaqu in  Va l ley, Ca l iforn i a .  Journa l  
Geophysical  Research ,  v .  65,  1 960, p .  1 053- 1 062 . 
Keyword (s) :  f lu id extraction 
Location (s) : Cal iforn ia ,  Un ited States 
Lofgren ,  B. E. Measurement of Compaction of 
Aqu ifer Systems in Areas of Land  Subsidence.  U .S . 
Geological Survey Professiona l  Paper 424-B, 1 96 1 ;  
p .  B49-B5 2 .  
Keyword (s ) :  hydrology, subsurface water, fl u id  
extraction 
Location (s) :  Un ited States 
Lofgren ,  B. E. Land Subsidence in the Arvin­
Maricopa Area, San Joaqu in  Val ley, Cal iforn i a .  
Geological  Survey Research 1 963, Professiona l  
Paper 475-B, U .S . Department of  the I nterior, p .  
8 1 7 1 -8 1 75 .  
Keyword (s) : flu id extraction  
Location (s ) :  Cal iforn ia ,  Un ited States 
Lofgren , B. E .  Lan d  Subsidence Due to Artes ian­
Head Decl i ne  in  the San  Joaqu in  Val ley, Cal iforn i a .  
I N :  G u idebook for Field Conference I ,  Northern 
G reat Basin and Cal iforn ia-- l nternationa l  Association 
of Quaternary Research,  7th Congress, U . S .A . ,  
Nebraska Academy of  Science,  Li ncol n ,  1 965,  p .  
1 40- 1 42 .  
Keyword (s) : fl u id extraction ,  su bsu rface water 
Location (s ) :  Ca l iforn ia ,  Un ited States 
Lofgren , B. E. S u bsidence Related to G round Water 
Withdrawa l .  I N :  Proceed ings, 2nd  Geologic 
Conference on  Lan dsl ides and Su bsidence, Los 
Angeles, CA, Cal iforn ia Resources Agency, 
Sacramento, 1 966, p. 9 7- 1 04.  
Keyword (s) :  f lu id  extraction 
Location (s) : Cal iforn ia ,  Un ited States 
Lofgren ,  B. E. Ana lysis of Stresses Caus ing Land  
S u bsidence . U .S .  Geological Su rvey Professiona l  
Paper 600-8, 1 968 ,  p .  82 1 9:-8225 .  
Keyword (s) :  f lu id extraction ,  surface su bsidence 
damage 
Location (s) : Un ited States 
Lofgren , B. E. Parameters Relatin g  Subsidence to 
Water-Level Decl i ne .  Geological  Society of America, 
S pecia l  Paper 1 0 1 ,  (abstract) , 1 968,  p .  1 25- 1 26 .  
Keyword (s) : fl u id extraction 
Location (s) : Un ited States 
Lofgren , B. E . ,  R .  L .  Klaus in g .  Land  Subsidence Due 
to G round-Water Withdrawal ,  Tulare-Wasco Area , 
Ca l iforn i a .  U .S .  Department of the I nterior, 
· Geological Su rvey, Professional  Paper 437-B, 1 969,  
p .  8 1 -8 1 03 .  
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Keyword (s ) :  flu id extraction ,  subsurface water 
Location (s) :  Cal iforn ia ,  Un ited States 
Lofgren ,  B. E. Lan d  Subsidence Caused by Water­
Leve l  Declin e  i n  l n termontan e  Basin s .  I N :  Geolog ical  
Society of America, Abstracts with Programs, pt . 5, 
1 969 ,  p.  45'"46 . 
Keyword (s) : flu id extraction 
Location (s ) :  Un ited States 
Lofgren ,  B. E. Parameters for Estimating  Future 
Su bsidence . Geological  Society of America,  S pecial  
Paper 1 2 1 ,  (abstract) , 1 969,  p .  1 78- 1 79 .  
Keyword (s) : fl u id extraction , prediction 
Lofgren , B .  E .  Mon itori ng  G round  Movement in  
Geothermal Areas .  I N :  Proceedings American 
Society Civi l  Eng ineers, Hydrau l ics Division Annua l  
Specia l  Conference, no .  2 1 ,  1 973,  p .  437-447 . 
Keyword (s) :  f lu id extraction , mon itoring 
methods 
Lofgren ,  B. E. Land Subsidence and Fissurin g  
Caused by Pu mping G round Water, Raft R iver 
Va l ley, Idaho .  I N :  Association Eng ineering 
Geologists, Annua l  Meeting ,  Program Abstracts, 
1 975,  no .  1 8, p. 34.  
Keyword {s) : f lu id extraction , subsurface water, 
hydrology 
Location {s) : Idaho,  United States 
Lofgren ,  B. E. Land Subsidence Due to G round­
water Withdrawa l ,  Arvin-Maricopa Area, Ca l iforn i a .  
U . S .  Department o f  t h e  Interior, Geological  Survey 
Professiona l  Paper 437-D, 1 975 ,  55 p .  
Keyword (s) :  f lu id extraction ,  subsurface water 
Location {s} :  Cal iforn ia ,  Un ited States 
Lofgren ,  8. E. Land Subsidence and Aqu ifer-System 
Compaction in  San Jacinto Val ley, R iverside Cou n ­
ty, Cal iforn ia;  a Progress Report .  U .S . Department 
I nterior, Geolog ical Su rvey Jou rna l  of Research ,  v. 
4, 1 976,  p. 9- 1 8 . 
Keyword (s ) :  f lu id extraction ,  hydrology 
Location {s) :  Cal iforn ia ,  Un ited States 
Lofgren , 8. E. Hydrogeologic Effects of S u bsidence, 
San Joaqu in  Val ley, Cal iforn i a .  I N :  Proceedi n gs 2nd  
Internationa l  Sympos ium on Land Su bsidence, 
Anaheim,  CA, IAHS-AIHS Publ ication No. 1 2 1 ,  
December, 1 976, p .  1 1 3- 1 23 .  
Keyword {s) : hydrology 
Location (s) :  Cal iforn ia ,  Un ited States 
Logan , W. E. On the Character of the Beds of Clay 
Immediate ly Below the Coal Seams of South Wales; 
and On the Occu rrence of Coa l Bou lders in  the 
Pennant G rit of that District. I N :  Proceedings 
Geological Society of London,  v .  3 ,  1 842, p .  
275-277;  a lso Transactions Geological  Society 
London , v. 6, p .  49 1 -49 8 .  
Keyword (s) : floor stab i l ity 
Location {s) :  Un ited Kin gdom 
Lojas, J . ,  A .  Kidybinski ,  Z .  H ladyysz . Work ing the 
Lower Lift of a Thick Seam Under the Caved Debris 
Reconsol idated with Waters from Dra inage of 
Overbu rden Strata . I N :  6th Internationa l  Strata 
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Control Conference, Ban ff, Canada, September, 
1 977 ,  p. 1 - 1 0 . 
Keyword {s ) : hydrology, subsurface water, 
overburden,  g round control 
Londong,  D. Princ iples for the Plann ing  and Design 
of Dra inage Pu mping Stations in  Areas of M in ing  
S u bsidence . I N :  Proceedings I nternationa l  
Sympos ium on Fossi l  Fuel  Production and Water 
Resources, 1 976,  20 p .  
Keyword (s ) : eng ineering ,  hydrology 
Lonergan ,  M .  J . ,  R. P. Terry . Local and State 
Regu latory Powers Dea l ing  with Land Use and 
Construction in  S u bsidence Prone Areas for  the 
Commonwealth of  Pen nsylvan ia . Appalach ian 
Regiona l  Com m ission Report ARC-73- 1 63-2557 ,  
1 975 ,  1 59 p .  {NT IS  PB 272  5 1 3 ) 
Keyword (s) : government, l aw, land-use 
p la n n i n g  
Location (s ) :  Pennsylvan ia, Un ited States, 
Appalach ian Coal Region 
Long ,  A. E . ,  L .  O bert .  Block Caving in  Limestone at 
the Crestmore Mine ,  R iverside Cement Company, 
R ivers ide,  Ca l iforn i a .  U .S .  Bureau of M ines IC 7838,  
1 95 8 ,  2 1  p .  
Keyword {s) : non-metal m in ing  
Location (s) : Ca l iforn ia ,  Un ited States 
Lon gwal l  Forum .  I ndustry Prevai ls  in Recent 
F lannery Decision on Recha rge Capacity . American 
M in i ng  Congress S u bsidence Network, v .  2 ,  no. 2, 
October 1 990 .  
A decis ion by  J udge Thomas F lannery in  the 
fi rst rou n d  of l itigation over regu lations issued by 
OS M to implement the permanent regu latory pro­
g ram produced largely favorable resu lts for the coa l 
i ndustry . 
Keyword {s) : law, government, active mines, 
subsurface water, longwal l  
Location (s) :  Un ited States 
Lon gwa l l  Foru m .  I ndustry Blasts ELI Stu dy on 
S u bsidence . American Min ing  Congress S u bsidence 
Network, v .  2 ,  no .  2 ,  October 1 990.  
Th is  article reviews a study pub l ished i n  Apri l 
1 99 0  by the Environ mental Law I nstitute {ELI ) 
ca l led ,  "Environmental Regu lation of Coal M in ing-­
S MC RA 1 s Second Decade . 11 
Keyword (s ) :  law, coal m in ing ,  active mines, 
longwal l  
Location (s } :  Un ited States 
Longwal l  Foru m .  I ndustry Succeeds i n  L imiti ng  
Accommodation Act . American M in i ng  Congress 
Su bsidence Network, v. 2, n o .  2, October 1 990 .  
As orig ina l ly drafted , the Accomodation Act 
th reatened to disru pt existing and futu re m in i ng  
operations by  requ i ring mineral developers to  a lter 
their operations to accommodate su rface uses, 
regard less of cost. 
Keyword (s) :  law, coal m in ing ,  active m ines,  
longwal l  
Location (s ) :  Un ited States 
Longwa l l  Foru m .  Southern Oh io Coal Company-­
Winner of Reclamation Award . American M in i ng  
Congress Subsidence Network, v .  2 ,  n o .  2 ,  1 990 .  
The Southern Oh io Coa l Company earned an 
excel lence in Surface Coa l  M in ing  and Reclamation 
Award for 1 989 from OSM .  
Keyword (s) : coal m in ing ,  active m ines,  
structura l m itigation,  reclamation ,  longwal l  
Location (s) : Appalach ian Coal Reg ion ,  Un ited 
States 
Longwa ll Foru m .  I ndustry Panel Testifies at 
Hear ings on Subsidence. American M in i ng  Congress 
Subsidence Network, v .  2 ,  n o .  2 ,  1 990 .  
The Min ing  and Natural Resou rces 
Subcommittee of the House I nterior and I nsu lar  
Affa i rs Committee held an  overs ight heari ng  on 
active mine su bsidence June  28 ,  1 990 .  From a l l  
ind ications, i t  appears that subsidence wi l l  be  
among the most sign ificant issues of  the 1 99 0s .  
Keyword (s) :  law, government, coa l m in i ng ,  
active mines,  longwall  
Location (s) : Un ited States 
Longwal l  Foru m .  Val id Existing  R ights Ru le on 
Separate Track.  American Min ing  Congress 
Subsidence Network, v .  2 ,  n o .  2 ,  1 990 .  
Whi le the  OSM apparently has sh ifted its focus  
on the subsidence rulemaking,  a compan ion 
proposal to define the "va l id existin g  rights11 (VER )  
exception to  the  S MCRA Section 5 2 2 (e)  
proh ibitions appears to be proceeding on a 
separate, but paral le l  track.  
Keyword (s) :  law, govern ment, active m ines,  
coal m in ing ,  longwal l  
Location (s ) :  Un ited States 
Longwal l  Foru m .  OSM Shelves 522 (e)  Proposal;  
Commences Outreach on Subsidence . American 
Min ing  Congress Subsidence Network, v .  2 ,  no. 2, 
1 990 .  
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In the face of strong opposition from coal 
i ndustry leaders and members of Congress, the 
O S M  has  shelved a proposa l to apply the pro­
h ib it ions in Section  5 2 2 (e )  of the Surface M in ing  
Control and Reclamation Act of  1 977 (SMCRA) 
to su bsidence . 
Keyword (s ) :  law, govern ment, subsurface 
water, surface structu ral damage, structura l 
m itigation 
Location (s ) :  Un ited States 
Loos, W. The Occu rrence of the Subsidence Trough 
i n  the Saar  Coalfield . M itte i lungen aus dem 
Marksch eidewesen , no .  5 ,  v .  67 ,  1 960, p .  2 64-2 65 
( in  G erma n ) .  
Keyword (s) : coal m in ing  
Lori g ,  L .  J . ,  R .  D .  Hart, M .  P.  Board, G .  Swan . 
I nf luence of Discontin u ity Orientations and Strength 
on Cavab i l ity in a Confined Environment.  I N :  Rock 
Mechan ics as a G u ide for Effic ient Uti l i zation of 
Natu ra l Resou rces, Proceed ings 30th U .S . 
Sympos ium,  1 98 9 ,  A .W.  Kha ir, ed . ,  1 989 ,  
Ba lkema,  Rotterdam,  p .  1 67- 1 74.  
Th is paper presents the resu lts of two- and 
three-d imensiona l  d istinct element ana lyses that 
show d ifferent conclus ions than those reported 
from fin ite element stud ies . The d isti nct element 
method i s  selected for ana lysis of cavabi l ity 
because th is method treats the rock mass as an 
assemblage of  rock blocks that may interact 
i ndividua l ly .  The resu lts of the ana lyses are 
compared to a documented case h istory . 
Keyword (s) : rock mechan ics, fin ite element, 
model ing ,  metal m in ing  
Location {s ) : Canada 
Lou is,  H. Compensation for Subsidence . 
Transactions I nstitute Min ing  Engineering ,  London,  
v .  59,  1 920, p .  292-3 1 O; V .  60, 1 920, p .  240-24 1 .  
Keyword (s ) :  m ine operation,  surface subsidence 
damage 
Lou is,  H.  A Contribution to the Theory of 
Su bsidences . Transactions I nstitute of M in ing 
Eng ineers ,  London , v .  64,  1 922,  p .  257-273 . 
The article deta i ls the derivation of a 
subsidence prediction theory based upon Cou lomb 1 s  
theory of  earth pressu re .  
Keyword (s) : vertica l  d isplacement, pred iction 
th eories 
Lou is,  H. The Theory of Su bsidences . Col l iery 
G u a rd ian ,  January 5 ,  1 923,  p .  1 2 1 5- 1 2 1 6 . 
The author says it is remarkable that sub­
sidence, a subject of great importance to the m in ing  
industry, should have received such  scanty atten­
t ion in the l iteratu re .  He propounds a general theory 
of su bsidence, in hopes of he lp ing m in i ng  com­
pan ies deal with subsidence damage c la ims aga inst 
them . 
Keyword (s ) :  coal m in ing ,  surface structural 
damage, surface subsidence damage, prediction ,  
ang le of  draw 
Location (s) : Un ited Kin gdom 
Lou is ,  H. Subsidence From Min i n g .  M in ing  and 
Meta l l u rgy, v .  1 0, 1 929 ,  p .  1 30- 1 3 1 . 
Lou is,  H .  The Royal Commission on Min ing  
Subsidence . Transactions AI ME ,  v .  88 ,  1 92 9 ,  p .  
1 35- 1 43 .  
Keyword (s) :  government 
Location (s) :  Eng land 
Lu, P .  H . .  I n -S itu Determ ination of Rock Properties 
and Strata Pressu res . I N :  G round Control Aspects 
of Coal Mine Des ign ,  Proceed ings,  Bureau of M ines 
Technology Transfer Seminar, Lexington ,  KY, 
March 6, 1 973,  U . S .  Bureau of M ines IC  8630, 
1 974, p.  28-34. 
This paper presents severa l practical ways of 
determin ing  geomechan ical properties of coa l 
measu re strata and of determ in ing  strata pressu res 
from in situ measurements . Emphasis is g iven to 
the basic concepts of measurement tech n iques and 
to the impact of  measured resu lts on safer and 
rationa l  mine design and ground contro l .  
Keyword (s) :  coa l  m in ing ,  overburden , mine 
des ign,  ground contro l ,  i n  s itu testing ,  active m ines 
Location (s) : Un ited States 
Lu , P. H .  Rock Mechan ics Instrumentation and  
Mon itoring for G round Control Arou nd  Longwa l l  
Panels . IN :  State-of-the-Art of  G round Control in  
Longwal l  and Min ing  Su bsidence, September, 
1 982,  Y. P .  Chugh and M. Karmis, eds . ,  S M E-AI M E, 
p . 1 59- 1 66 .  
Th is report presents several practical and  
inexpensive types of  rock mechan ics i nstru men­
tation for g round control around longwal l  pan els . 
Appl ication of these crit ical parameters, determ ined 
by th is instru mentation , to the design and modifi­
cation of rationa l  longwal l-min ing  systems is  a lso 
discussed . 
Keyword (s } :  coal m in ing ,  rock mechan ics, 
mon itoring  methods, ground  control, longwa l l ,  
instrumentation , m ine  design ,  mon itoring equ ipment 
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Location (s ) :  Utah ,  New Mexico, Rocky 
Mou nta in  Coal Region , West Virg in ia ,  Appa lach ian 
Coal Region , O klahoma,  Un ited States 
Lu , P. H. Stab i l ity Evaluation of Retreating Longwal l  
Cha in  P i l lars with Regressive I ntegrity Factors . I N :  
Rock Mechan ics for Resource Development, M in ing  
and C ivi l Eng ineeri ng ,  Proceedings 5th Congress 
I n ternationa l  Society for Rock Mechan ics, Mel­
bou rne, Austra l ia ,  1 983,  Balkema, Rotterdam,  p. E 
3 7- E  40 . 
Profi les of m in i ng- induced loading and res idua l  
strength across a p i l lar  vary with the position of the 
longwal l  face .  The res idua l  p i l lar-strength profi le 
can be constructed on the basis of laboratory­
determined triaxia l  compressive strength , in which 
the in s itu measu red horizonta l  pressu re is con­
s idered as the constra int .  The vertica l-loading 
profi le can be establ ished with the measu red 
vert ical  pressures . Vertica l and horizontal p i l lar  
p ressures can be measured with hydrau l ic borehole 
pressure cel ls .  Defined as the ratio of the integrated 
tota l strength to the integrated tota l load u nder the · 
profi les, the integrity factor is proposed here as a 
rationa l  parameter for eva luating cha in-pi l lar  
stab i l ity . 
Keyword (s) : longwal l ,  coal m in ing ,  p i l lar  
strength , rock mechan ics, geotech n ical ,  lab testing,  
i n  s itu testing ,  m ine  design ,  mon itoring  methods, 
mon itori ng  equ ipment 
Lu b ina ,  T .  Praktyczny Sposob Wyznaczania 
Parametrow Teori i  T .  Koch manskiego (S impl ified 
Method for Determin ing  the Parameters of the T .  
Kochmanski  Theory) . Przeglad Gorn iczy, v .  29 ,  no .  
5 ,  1 973,  p .  1 96-200. 
Keyword (s) :  prediction theories, model i ng ,  
empirical  model ,  i nf luence function 
Lucas, J .  R. Design Optimization in Underground 
Coa l  Systems . I nterim Report, Ju ly-September 
1 97 7 .  Report on U . S .  DO E Contract/G rant EX-76-
C-0 1 - 1 23 1 ,  Virg in ia Polytechn ic I nstitute and State 
Un ivers ity, Blacksburg ,  VA, December, 1977,  53 p .  
( NTIS F E- 1 23 1 - 1 0) 
Continued work on the dependence of 
measured mecha n ical  properties on sample s ize 
and shape and load ing rate was described . 
Computer programs to s imu late longwal l  m in ing ,  
su pport loads, ground su bsidence, etc . ,  and to  a id  
in  longwal l  p lann i ng  and  equ ipment selection were 
developed . Body-loaded p lastic longwa l l  models 
were examined by photoelastic methods to va l idate 
computer programs.  Roof truss su pports were 
eva luated by a l iteratu re search,  model stud ies, and  
the  behavior of  instru mented roof trusses instal led 
in an Alabama coal mine .  
Keyword (s) :  coal m in ing ,  active m ines, 
longwa l l ,  computer, model i ng ,  roof support, rock 
mechan ics 
Location (s) :  Alabama,  Un ited States 
Lucas, J .  R. Design Optimization in  Underground 
Coa l Systems . I nterim Report, Apri l--June  1 97 8 .  
Report o n  DO E Contract/G rant  EX-76-C-O 1 - 1 23 1 ,  
September, 1 978,  by Virg in ia  Polytech n ic I nstitute 
and State Un iversity, Blacksburg ,  58  p .  ( NT IS  
FE- 1 23 1 - 1 3 ) 
The mechan ical properties of coal are reviewed 
with respect to sampl ing ,  size, and shape of 
samples, load ing rate, etc . Longwal l  m in ing  was 
investigated with respect to panel width , economic 
ana lysis, and ground subsidence . Roof truss 
supports were investigated by l iteratu re search and 
photoelastic models .  Al l  of  these efforts inc luded 
the development of extensive computer programs 
and field studies . 
Keyword (s) : coal m in ing ,  active m ines,  
longwal l ,  rock mechan ics, economics, roof support, 
l iterature search,  computer, model i ng ,  backfi l l i ng ,  
mathematical model ,  e lastic mode l ,  roof boltin g  
Location {s) : Un ited States 
Lucero, R .  F. Use of Foaming Mud  Cement to 
Terminate Underground Coal F i res and to Control 
Su bsidence of Bu rn Cavities . F ina l  Report to Office 
of Surface Min ing ,  September 29, 1 98 8 ,  Col lo ida l  
Concrete Corporation , Golden , CO,  1 49 p.  ( NT IS  
PB89-223853) 
Foaming mud cement ( FMC) was developed at 
the Colorado School of Mines Research I nstitute for 
the purpose of address ing abandoned mine land 
problems . During a program sponsored by the O S M ,  
the fo l lowing s ign ificant developments were made :  
( 1 )  the ab i l ity to effectively isolate bu ring  coa l  from 
the ava i lable air by penetrating burn i ng  coal rubble 
with heat resistive FMC; and (2 )  the ab i l i ty to 
encapsu late and isolate a wide range of coa l 
particle sizes, resu lti ng in permanent coal fi re 
termination by a i r  exclusion . The materia ls  
developed were specifical ly des igned to termin ate 
underground coal f ires and prevent fu rther 
subsidence . 
Keyword (s ) :  mine fi res, abandoned mines, coal 
m in ing ,  reclamation , soi ls  
Location (s) :  Wyoming,  Colorado, Rocky 
Mounta in  Coal Reg ion , Arizona,  Un ited States 
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Luckie, P. T . ,  T. S .  S picer. Methods Employed for 
Underground Stowing  (A Resume of a Literatu re 
S u rvey) . Pennsylvan ia State Un ivers ity, Col lege of 
Earth and M ineral Science Experiment Station , Coal 
Research Section , Special  Report S R-55,  February 
28 ,  1 966, 55  p .  
Princ ip les o f  backfi l l i ng  a s  appl ied to 
u n derground  m ines are covered . This report 
d iscusses hand ,  mechan ica l ,  and pneu matic 
backfi l l i ng ,  and inc ludes compressib i l ity data for 
materia ls . 
Keyword (s) : pneumatic backfi l l i ng ,  stowing,  
l iterature search , lab test ing 
Location (s} : Pen nsylvan ia,  Appalach ian Coa l 
Region , Un ited States, Eu rope, England 
Lu nd in ,  T .  K . ,  G.  G.  Mar ino,  E .  G.  Wi ldanger, J .  W.  
Mahar, A .  L .  Leu n g .  Procedures for Respond ing  to 
H azardous S u bsidence I nduced Structural Damage 
Events . S u bsidence Response Team F ina l  Report, 
J u ly 1 980-J u ne 1 98 1 ,  I l l ino is Abandoned Mined 
Lands Reclamation Coun ci l ,  Springfie ld, 1 28 p .  
Keyword {s} :  surface structural damage, 
abandoned mines,  coa l m in ing  
Location (s) : I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Luo, Y . ,  S .  S .  Peng .  C ISPM--A Subsidence 
Pred iction Model . I N :  Rock Mech an ics as a G u ide 
for Effic ient Uti l i zation of Natural Resources, 
Proceedings 30th U . S .  Sympos ium,  1 989 ,  A .W.  
Kha i r, ed . ,  Balkema,  Rotterdam, p .  853-860.  
A PC-based computer model was developed by 
the authors for predicting  surface subsidence due to 
u n derground coal m in ing . Its rel iab i l ity, compre­
hens iveness and user friend l iness demonstrate that 
it is a good tool for the mine operators, government 
agenc ies and scientific researchers a l ike .  
Keyword (s) : prediction ,  model ing,  coal m in ing ,  
geologic featu res, mathematica l model, influence 
function ,  longwa l l ,  active mines, su rvey data 
process ing 
Luo, Y . ,  S .  S .  Peng .  A Mathematica l Mode l  for 
Predicting S u bsidence Over Cha in P i l lars Between 
Mined-Out Longwal l  Pane ls .  I N :  Mine Su bsidence -
Predict ion and Control , Nat ional  Sympos ium,  33rd 
An n ual  Meeting ,  Association of Engineering 
G eologists, October 2-3, 1 990, C . D .  E l ifrits, ed . ,  
Pittsburgh ,  PA, p .  247-25 7 .  
A model was developed for pred ict ing  
su bsidence over the  cha in  p i l lars between two 
adjacent longwal l  panels . The development and 
appl ication of  the model are presented in th is  paper. 
Keyword (s) :  prediction , longwa l l ,  model i ng ,  
p i l l a r  strength , overburden , mathematica l model ,  
coa l m in ing  
Location (s) :  Appalach ian Coal Region , Un ited 
States 
Luo, Y . ,  S .  S .  Peng .  Mathematica l Model for 
Pred icting F ina l  Su bsidence Basin in H i l ly Regions .  
I N :  M i n e  S u bsidence - Prediction and Contro l ,  
Nationa l  Sympos ium,  33rd An nua l  Meeting  
Association of  Eng ineering Geologists, October 2-3,  
1 990, C . D .  E l ifrits , ed . ,  P ittsbu rgh ,  PA, p .  223-23 1 .  
I n  th is paper, a mathematica l model is  proposed 
for predict ing surface movement and deformation 
induced by underground longwa ll m in ing  in h i l ly 
reg ions .  The development of th is model is based on 
the princip les of the influence function method . 
Keyword (s) :  coal m in ing ,  longwal l ,  
mathematical model , infl uence fu nction , h orizontal 
d isplacement, vertical d isplacement 
Luo, Y., S. S. Peng .  Protect ing a S u bsidence 
Affected House: a Case Study. I N :  Proceedings VI I I  
Congress I nternationa l  Society for M ine  Su rveying,  
September 22-27, 1 99 1 ,  Un ivers ity of  Kentucky, 
Lexin gton,  UKY BU 1 54, p. 297-300 . 
I n  this paper, a case of applying  the C I S PM 
code (a su bsidence prediction model developed 
by the authors )  in design and implementation of 
some mitigation tech n iques for protecting  an old 
res idence over a sha l low fongwal l  panel is  
i l l ustrated . 
Keyword (s ) :  surface structural damage,  
structural m itigation ,  active mines,  longwa l l ,  coa l  
min ing,  model ing ,  prediction , foundations, 
horizonta l  d isplacement, vertical d isplacement 
Location (s) :  Un ited States 
Luo, Y. , S .  S .  Peng .  Some New F ind ings from 
Surface Su bsidence Mon itoring Over Lon gwal l  
Panels . Min ing Engineering ,  October 1 99 1 ,  v .  43, 
no.  1 0, p .  1 26 1 - 1 2 64; also SME An nua l  Meet ing 
preprint 9 1 - 1 50 .  Discussion by E .  Arioglu ,  M in ing  
Eng ineering v .  44, n o .  8 ,  August 1 992 ,  p .  
1 042- 1 044. 
Severa l issues deserve further attention to 
improve su bsidence prediction accuracy. These 
i nclude su bsidence in itiation and development over 
a setup area; subsidence development after face 
stop; and su bsidence over cha in  p i l lars .  An 
intensive su bsidence mon itori ng  program h as been 
carried out over severa l longwa l l  pane ls .  A large 
amount of subsidence data has been col lected and 
analyzed , and solution techn iques have been 
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developed . In this paper, some of the measu red 
data , data ana lysis techn iques and the developed 
prediction models are presented . 
Keyword (s ) : longwal l ,  coal m in ing ,  model ing ,  
mathematical mode l ,  prediction , su rvey data 
processing  
Location (s) : Appalach ian Coa l Reg ion,  I l l ino is,  
I l l i nois Coal Bas in ,  Alabama 
Luo, Y. ,  S.  S.  Peng ,  D .  Dutta . Some Mitigative 
Measu res for Protection of Su rface Structures 
Affected by G round Subsidence .  I N :  Proceedings 
Th i rd Workshop on S u rface Subsidence Due to 
Underground  Min ing ,  J u ne 1 -4, 1 992 ,  S . S .  Peng ,  
ed . ,  Morgantown, WV, p .  1 29- 1 38 .  
Theoretica l  and ana lytica l  ana lyses of th ree 
m it igative measu res (the p lane fitt ing method, 
trench ing ,  and ten sion cable) led to the develop­
ment of a tota l protection p lan to e l iminate or 
reduce damages to residentia l  structu res subjected 
to su rface movements caused by underground 
longwal l  m in in g . The protection p lan was success­
fu l ly appl ied to 1 2  residential  houses and 2 externa l  
garages . Th is paper  describes the methods em­
p loyed for  protection and resu lts of  those case 
studies.  
Keyword (s) :  structu ra l m itigation,  surface 
structura l  damage, coa l m in ing ,  longwal l ,  active 
m ines 
Location (s ) :  Un ited States 
Luxbacher, G .  W. S u bsidence Plann ing  and Risk 
Assessment . I N :  Proceedings Th ird Workshop on 
S u rface S u bsidence Due to Underground ,Min ing ,  
June  1 -4, 1 992 ,  S . S .  Peng ,  ed . ,  Morgantown , WV, 
p .  1 00- 1 05 .  
The inc lusion of a new term "plan ned 
su bsidence" in the Su rface Min ing  and Reclamation 
Act of 1 97 7  h as led the coa l m in ing  industry into a 
n ew aspect of eng ineeri ng :  subsidence plan n i n g .  
S u bsidence plann ing  h a s  necessitated the i ntegra­
tion of geotech n ical ,  civi l ,  and min ing engineeri n g .  
Th is  paper d iscusses the appl ication o f  subsiden ce 
p lann ing  in several brief case stud ies (a h igh  voltage 
transmission tower, a .sewage treatment p lant, and 
a s lu rry impou ndment),  emphasiz ing the risk 
assessment aspects necessary to account for some 
of the u ncerta inties that may exist. 
Keyword (s) :  law, eng ineering ,  mine des ign,  coa l 
m in ing ,  ut i l ities, prediction, surface structu ral 
damage, structu ral m itigation, longwal l ,  active 
m ines 
Location (s) : Virg in ia ,  West Virg in ia ,  Appalach ian  
Coa l  Region , Un ited States 
Luza,  K. V .  Stabi l ity Problems Associated with 
Abandoned Underground Mines in  the Picher F ie ld,  
Northeastern Oklahoma.  Oklahoma G eological  
Survey Circu lar  88, Un ivers ity of Ok lahoma,  
Norman,  1 986,  1 1 4 p .  
Approximately 2 ,540 acres are under la in by 
underground lead-zinc  mines in  northeastern 
Oklahoma . Subsidence problems associated with 
these mines either existed during m in ing  or h ave 
developed s ince cessation of m in ing  in the P icher 
Field . 
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Keyword (s) : abandoned mines, metal m in ing ,  
structura l m itigation , , land  m itigation , h istorica l ,  
su rface su bsidence damage 
Location (s) : Oklahoma, Kansas, M issour i ,  
U n ited States 
Ma,  W .  M . ,  W .  Y. Zh u .  Effect of M u lti -Seam Min i ng  
on Su bsidence . I nternationa l  Journa l  of  M in ing  
Eng ineering ,  v .  2 ,  no .  2 ,  1 984, p .  1 7 1 - 1 73 .  
Model stud ies and case h istories show that 
vertica l settlement and su rface su bsidence above 
mu ltip le seam coal m in ing ,  where the u pper seam is 
worked first, is g reater than wou ld be expected 
from the sum of equ ivalent s ing le seam m in i ng  
operations .  Th is  can  be attr ibuted to  three factors : 
( 1 )  strata distu rbed by the min ing  of the u pper 
seam has reduced bend ing resistan ce and bed 
separation does not occur, (2) where the seams are 
closely spaced, d i lation du ring caving  is  reduced, 
and (3 ) pressu re over the goaf or caved area 
increases with depth lead ing  to increased com­
paction of the caved area, and reduced r ibside 
abutment pressures . 
Keyword (s) : mu ltiple-seam extraction ,  coal 
min ing,  overburden , vertical d isplacement 
Location (s) : Ch ina  
Mabry, R .  E .  An Eva luation of  Mine S u bsidence 
Potentia l .  I N :  New Horizons in Rock Mechan ics : 
Underground Design and I nstru mentation , 
Proceed ings, 1 4th Sympos ium on Rock Mechan ics, 
S M E/AI ME,  New York, 1 973,  p. 263-297 . 
Keyword(s) : prediction , mine desig n ,  rock 
mechan ics, instrumentation 
Mac Cou rt, L . , B .  J. Madden , E . H . R .  Sch u man n .  
Case Studies of Su rface S u bsidence Over Col l apsed 
Bord and Pi l lar  Workings in South Africa . I N :  
Proceedings, SANGORM Sympos ium,  October 2 1 ,  
1 986,  Sandton , South Africa, I nternationa l  Society 
for Rock Mechan ics, South African Nationa l  G roup,  
p .  25-3 2 .  
G round elevations above col lapsed bord-and­
pi l lar  workings have been measured at 1 7  s ites . A 
review of bard-and-pi l lar  design is fol lowed by a 
general geological characterization of the 
superincumbent strata . 
Keyword (s) : room-and-pi l lar, coal m in ing ,  
longwal l ,  surface structu ral damage, p i l lar  
extraction ,  survey methods, vertica l d isplacement, 
overburden 
Location (s) :  South Africa 
Maclennan ,  F. W. Subsidence from Block Caving at 
Miami Mine, Arizona .  Transactions,  A I ME ,  v .  85 ,  
1 929 ,  1 929  Yearbook, p .  1 67- 1 78 .  
Keyword (s) :  metal m in ing ,  su rface su bsidence 
damage 
Location (s) :  Arizona,  Un ited States 
2 4 1  
Madden, B .  J . ,  D.  R .  Hardman . Long  Term Stabi l ity 
of Bord and Pi l lar  Workings .  I N :  COMA :  Proceedings 
of Symposiu m  on Construction Over Mined Areas, 
Pretor ia,  May 1 992 ,  South African I nstitution of 
Civi l  Eng ineers ,  Repu bl ic of South Africa, p .  37-5 1 . 
Th is  paper exam ines the factors to be con­
sidered when structures are p laced over old bord­
and-p i l l a r  areas or m in ing  is done beneath exist ing 
surface structures . The probabi l ity of p i l lar  col lapse 
is d iscussed as  well  as the possible surface effects 
and  remed ia l  measures that may be undertaken to 
redu ce the effects on the surface . 
Keyword (s) :  p i l lar  strength , land-use p lann ing ,  
room-and-p i l l a r, coal m in ing ,  mine safety, surface 
structu ra l  damage, backfi l l i ng ,  mine fi res 
Location (s ) :  South Africa 
Madhav, M .  R . ,  P. Basak .  G round Subsidence Due  
to  Non l inear  F low Th rough Deformable Porous 
M edia . Journal  of Hydrology, v .  34, 1 97 7 ,  p .  
2 1 1 -2 1 3 . 
Keyword (s) :  flu id extraction , hydrology 
Magers, J. A. Su rface Su bsidence Over a Room­
and-P i l lar  M ine  in  the Western Un ited States . U . S .  
Bureau o f  M ines IC  9347, 1 993,  1 5  p .  
Th is report summarizes the resu lts o f  sub­
s idence research conducted at the Roadside Mine, 
Powderhorn Coal Company, Pa l isade, Colorado . 
Th is research was conducted from February 1 98 1  
to Aug u st 1 985;  addit iona l  data were obta ined 
d u ri ng  J u ly 1 99 1  to eva luate res idual  subs idence . 
S u bsidence was studied at th ree d istinct room-and­
p i l l a r  sect ions at separate locations over the mine,  
and the maximum subsidence va lues and surface 
su bsidence profi les for each section were deter­
m ined .  Maximum su bsidence of 3 .0 feet occu rred 
over the room-and-pi l lar  sections, with overbu rden 
depths rang ing  from 50 to 600 feet . Surface 
tension cracks occu rred and were sti l l  evident 
d urin g  the res idua l  subsidence survey.  
Keyword (s) :  room-and-pi l lar,  vertical 
d isp lacement, coa l m in ing ,  geologic features, 
overbu rden,  su rface water, mon itor ing methods, 
su rvey methods, survey des ign,  mon itoring 
equ ipment, su rvey data processing  
Location (s ) :  Colorado, Rocky Mou nta in  Coal 
Region , Un ited States 
Magnuson , M .  0 . ,  W. T. Malenka . Uti l ization of F ly 
Ash for Remote F i l l i ng  of Mine Voids . I N :  Ash 
Uti l ization., Proceedings 2nd Ash Uti l ization 
Sympos ium,  March 1 0- 1 1 ,  1 970, Pittsburg h ,  PA, 
U .S .  Bureau of M ines IC  8488,  p .  83-96 .  
Dry fly ash injection and fly ash-water injection 
are economical ,  yet effective methods for  remote 
fi l l i ng of mine voids to prevent mine subsidence . 
These methods a lso control or extingu ish 
abandoned mine fi res . 
Keyword (s) :  pneu matic backfi l l i ng ,  hydra u l ic 
backfi l l i ng ,  abandoned mines, mine f ires, m ine  
waste, coal m in ing  
Location {s) : Un ited States 
Magn uson , M .  0 . ,  R. Cox . Environ mental Protection 
of Surface Areas Near Underground M in i ng  S ites . 
Coal Age, v. 80, no .  7, 1 975 ,  p .  1 3 5- 1 38 .  
Keyword (s ) :  environment, land-use plan n i ng ,  
coal min ing 
Mahar, J .  W. ,  E .  J .  Cord ing ,  S .  R .  H unt, G .  G .  
Marino .  Phase I Subsidence Study, 0 1 Fa l lon ,  I l l i no is .  
I l l i nois Abandoned Mined Land Reclamation Cou nci l ,  
Springfie ld,  1 979 ,  4 2  p .  
Subsidence was located over an  abandoned 
mine,  from which coal was excavated using the 
room-and-pi l lar method . The cause of the grou nd 
movement was probably related to the col lapse of 
the mine p i l lars with possible floor heave . I n  the 
weeks preceding the main su bsidence,  water l i nes 
broke and pavement bumps were noted . Most of 
the subsidence occu rred over a 3 6-hour  period . The 
area th at resu lted is a s l ightly e l l iptica l ,  bowl­
shaped depression approximately 400 feet in 
diameter .  The in it ia l  movement resu lted in  a 
maximum surface settlement of 2 . 9  feet . 
Keyword (s) :  abandoned m ines, coal m in i ng ,  
surface structu ra l  damage, room-and-pi l lar ,  ut i l it ies, 
mon itoring  methods, geolog ic features 
Location (s) :  I l l inois, I l l inois Coa l Bas in ,  Un ited 
States 
Mahar, J .  W . , E . G .  Wi ldanger, R .  D. G i bson . 
Subsidence Rapid Response Team Quarterly 
Progress Report, Ju ly 1 --September 30, 1 980 .  
I l l inois Abandoned Mined Lands Rec lamation 
Cou nci l ,  Spr ingfield, October, 1 980, 34 p .  
The Subsidence Rapid Resonse Team 
investigated 1 6  subsidence reports duri ng  the 
quarter .  Th irteen cases did not involve mine 
subsidence Of the th ree that  d id ,  on ly one requ i red 
federal emergency fu nds.  
Keyword (s) :  abandoned mines,  coa l  m in i ng ,  
structu ra l mitigation 
Location (s) : I l l ino is, I l l inois Coa l Bas in , Un ited 
States 
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Mahar, J .  W . ,  E .  G .  Wi ldanger, R .  D. G ibson . M ine 
S u bsidence at the District 1 1  State Pol ice 
Headquarters in Maryvi l le ,  I l l i no is .  I l l inois 
Abandoned M ined Lands Reclamation Counci l ,  
S pr ingfie ld, Progress Report:  September 1 0, 1 980 
to March 3 1 ,  1 98 1 , 45 p .  
Su bsidence beneath the pol ice headquarters 
bu i ld ing was f irst noticed on May 1 2, 1 980, and 
appeared to h ave been caused by col lapse of 
a bandoned coal mine workings located about 230 
feet below the ground surface . 
Keyword (s) :  surface structural damage, 
abandoned mines,  coa l m in ing ,  vertica l 
d isp lacement, h orizontal d isplacement, uti l ities, 
mon itorin g  methods, subsurface water, hydrology, 
geologic featu res 
Location (s) : I l l i nois,  I l l i nois Coal Basin ,  Un ited 
States 
Mahar, J .  W . ,  E. G .  Wi ldanger, R. D. G ibson . 
S u bsidence Rapid Response Team Quarterly 
Progress Report, October 1 through  December 3 1 ,  
1 980 .  I l l inois Abandoned Mined Lands Reclamation 
Cou nc i l ,  S pr ingfie ld, January,  1 98 1 . 
Duri ng  th is t ime period,  there were 1 0  requests 
for investigations of poss ible subsidence. On ly th ree 
were fou n d  to be su bsidence related, none 
constituting  emergency conditions .  
Keyword (s) : abandoned mines, coa l m in ing ,  
su rface structural damage 
Location (s) : I l l ino is ,  I l l inois Coal Basin , United 
States 
Mahar, J .  W . ,  E .  G .  Wi ldanger, R. A. Bauer, R. D .  
G ibson . M ine  Subsidence,  Powel l  Residence, 
Danvi l le,  I l l i nois . I l l i nois Abandoned M ined Lands 
Reclamation Cou nci l ,  J u ly 1 98 1 ,  Springfield, 1 4  p.  
This report describes the pit-type subsidence 
that developed i n  a residentia l  area and the remedial 
measu res used to abate the problem . 
Keyword (s) : abandoned mines, coal m in ing ,  
land m itigation ,  rec lamation 
Location (s) : I l l i nois,  I l l i nois Coal Basin ,  Un ited 
States 
Mahar, J .  W . ,  G .  G .  Mari no .  Bu i ld ing Response and 
M itigation Measu res for Bu i ld ing Damages in I l l inois.  
I N :  Proceedings,  Workshop on Surface Subsidence 
Due  to Underground Min ing ,  Morgantown , WV, 
November 30-December 2, 1 98 1 ,  S .S .  Peng  
and M.  Harth i l l ,  eds . ,  Department of  M in ing  
Engineering ,  West Virg in ia Un ivers ity, 1 982 ,  p .  
238-252 .  
This paper summarizes observations made on 
bu i ld ing response to mine subsidence and d iscusses 
tech n iques for mitigating  bu i ld ing damage.  I t  des­
cribes typical I l l ino is geologic and m in i ng  conditions .  
Keyword (s) :  surface structu ra l damage, 
engineering ,  construction , structural mit igation , 
geologic features ,  coal m in ing ,  abandoned m ines 
Location (s} : I l l i nois,  I l l inois Coal Bas in , Un ited 
States 
Mahtab,  M .  A. I nfluence of Natu ral Joint ing on Coal 
Mine Stabi l ity and on the Preferred D irection of 
Mine Layout .  I N :  G rou nd Control Aspects of Coal 
Mine Design ,  Proceedings Bureau of M ines 
Technology Transfer Seminar ,  Lexin gton , KY, 
March 6, 1 973, U . S .  Bu reau of M ines IC 8630, 
1 974, p.  70-7 8 .  
In  a pre l iminary study on t h i s  top ic ,  t h e  U S B M  
fou nd that 3 o u t  o f  1 8  mines showed d istinct roof 
joint ing patterns as well as trends of roof fa i l u re .  
These observations h igh l ight the importance of the 
effect of jointi ng  in  determin ing  mine stabi l ity and 
preferred d irection of  mine layout .  Before assess ing  
the effect of  jointi ng on coa l  mine stab i l ity, the  
geometric as wel l  as the  mechan ical  characteristics 
of jo ints must be measured . 
Keyword (s) :  coal m in ing ,  geologic features, roof 
stabi l ity, model i ng  
Location (s) : Un ited States 
Ma in i l ,  P. Contribution to the Study of G round 
Movement Under the I nf luence of  M in ing  
Operations .  I nternational  Journa l  of  Rock Mechan ics 
and Min ing Science & Geomechan ics Abstracts, v. 
2,  no. 2 ,  1 965,  p. 2 25-243 . 
Coal measu res strata become d isplaced u n der 
the inf luence of m in ing  operations and exert forces 
on the roof support, the waste, the coal p i l lars ,  and 
the  coal faces . These forces deform, crack, or 
break them, s ince they cannot completely res ist the 
rock movements . The inf luence of coal extraction 
reaches as far as the su rface and brings about 
vertical subsidence and horizonta l d isplacement of 
the g round in  that local ity . 
Keyword (s) :  m ine design ,  surface su bsidence 
damage, subsu rface subsidence damage, m ine  
operation,  vertica l d isplacement, horizontal 
d isplacement, overburden ,  roof s u pport, coal m in i ng  
Location (s ) :  Un ited Kingdom 
Maize, E .  R . ,  H. P .  G reenwald . Stud ies of Roof 
Movement in Coal Mines ,  2. Crucible M ine  of the 
Crucible Fuel Company.  U . S .  Bu reau of Mines R I  
345 2,  1 939 ,  1 9  p .  
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S u bsidence data and roof and timber studies 
were taken from a mine i n  Pennsylvan ia . 
Keyword (s ) :  coal m in ing ,  roof stabi l ity, floor 
stab i l ity 
Location (s ) :  Pen nsylvan ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Maize ,  E.  R . ,  E. Thomas, H. P. Greenwald .  Stud ies 
of Roof Movement in Coal M ines,  3 .  G ibson Mine  
of  the H i l lman  Coa l and Coke Company. U .S . 
Bu reau of M ines R I  3506, 1 940, 9 p .  
Keyword {s) : coal  m in ing ,  roof stabi l ity, room­
and-p i l lar ,  uti l it ies, surface subsidence damage, 
overburden ,  floor stabi l ity 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Maize ,  E .  R . ,  E. Thomas, H .  P. G reenwald .  Stud ies 
of Roof Movement i n  Coal M ines .  4. Study of 
S u bsidence of a H ighway Caused by Min ing  
Beneath . U . S .  Bu reau of Mines R I  3562,  1 94 1 , 
1 1  p .  
Th is paper summarizes data obta ined a long a 
Pen nsylvan ia  h ighway as it passed over two active 
m in es .  M in i ng  was conducted in two stages with 
u lt imate p i l l a r  removal . The roadbed was exten­
s ively cracked and suffered a small change in  g rade . 
The a uthors note that the value of the coa l that 
would h ave been requ i red for protection of the road 
was fa r in  excess of the cost of repa ir ing the roa d .  
The a uthors recommend tota l ,  rather than partia l ,  
extraction whenever su rface d isplacements can be 
tolerated or the resu lt ing damage is m in ima l .  
Keyword (s) : roads, roof stabi l ity, coal m in ing ,  
p i l l a r  extraction ,  surface su bsidence damage, partial 
extractio n ,  longwa l l  
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Malek i ,  H .  G round Response to Longwa l l  Min i ng :  A 
Case Study of Two-entry Yield P i l lar  Evolution in 
Weak Rock. Colorado School  of Mines Quarterly, v .  
83,  no .  3 ,  Fa l l ,  1 9 88,  52  p .  
Th is materia l  was prepared in response to a 
need of coal m ine  eng ineers and the scientific 
com m u n ity for better u nderstanding of practical 
aspects of ground control du ring longwa l l  m in i ng .  
G round control experience and  geotech n ical 
investigations during and after m in ing  a seven-panel 
longwal l  b lock are integrated to develop snapshots­
in -t ime models for cave progress and load transfer 
to the gate p i llars . A new criterion for coal mine 
sta bi l ity eva luation is  proposed based on rates of 
ground  movement. 
Keyword (s) : coa l m in ing ,  longwal l ,  yie ld ing 
supports, ground control ,  geotech n ica l ,  p i l l ar  
strength , geolog ic featu res, roof stab i l ity, instru­
mentation, mine des ign,  model i ng  
Location {s) : Utah ,  Rocky Mou nta in  Coa l  Region , 
Un ited States 
Maleki ,  H .  N . ,  M .  P. Hardy, R .  D .  Tifft I l l .  G eo­
techn ical Mine Design of the Foidel Creek M ine .  
IN :  Proceedings, 7th I nternationa l  Conference on  
G round Control in M in i ng ,  August 3-5 , 1 988 ,  S . S .  
Peng,  ed . ,  Department o f  M in ing  Eng ineering ,  West 
Virg in ia Un ivers ity, Morgantown , p. 1 37- 1 48 .  
The resu lts of 5 years of geotechn ical  
investigations are presented to develop productive 
and stable longwa l l  layouts for the Foidel Creek 
Mine .  The program was in itiated duri ng  the pre­
min ing stage, and has continuously provided the 
data requ i red for mine design . From several stress 
determinations at the mine, the relationsh ip  
between geolog ic structu re and the stress f ield/ 
depth was establ ished . The resu lts were u sed for 
orienting the entries for improved stabi l ity . Cave 
cond it ions and load transfer to panel  bou ndaries 
were eva luated from closely mon itored ful l  extrac­
tion min ing  and computer ana lysis .  Back-ana lyses 
of ground movements, as compared with the actua l  
measu rements, ind icated that cave conditions were 
favorable in spite of the presence of competent, 
th ick-bedded sandstones in  the main roof . G ate 
p i l lar  design us ing a yield-rig id concept was 
developed through computer ana lyses and 
underground instrumentation . 
Keyword (s ) :  geotechn ica l ,  m ine des ign,  
instrumentation , geologic featu res, computer, roof 
stabi l ity, p i l lar  strength , longwal l ,  geophysica l ,  l ab  
testing ,  in situ testing,  coa l  m in ing ,  survey 
methods, monitoring methods, mon itor ing 
equ ipment, monitori ng insta l lation ,  p i l lar extraction , 
fi n ite element, model ing,  yield ing supports 
Location {s ) :  Colorado, Rocky Mounta in  Coal 
Region , Un ited States 
Maleki ,  H .  N . ,  J .  F. T.  Agapito, M .  Moon . I n -S itu 
Pi l lar Strength Determ ination for Two-Entry 
Longwal l  Gates . I N :  Proceed ings, 7th I nternationa l  
Conference on G round Control in M in ing ,  August 
3-5, 1 988 ,  S . S .  Peng,  ed . ,  Department of M in ing  
Engineering,  West Virg in ia Un iversity, Morgantown,  
p .  1 0- 1 9 .  
Extens ive measurements and underground  
observations in  th ree coal m ines i n  the  western 
Un ited States are integrated in  th is paper to 
determ ine in situ p i l lar  load-deformation 
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characteristics for narrow p il a rs on two-entry gate 
road systems.  The p i l lar  peak strength , post-fa i l u re 
behavior, and fa i l u re mechan ism were shown to be 
s ignificantly d ifferent despite s imi larities in the 
reg iona l  geology, coal p i l lar  laboratory mechan ical  
properties, and gate p i l lar  geometries . P i l lar  peak 
strength was shown to be dependent on depth at 
one s ite, approach ing  bu rst-pron e  stress levels of 
4,000 psi . At another site,  the p i l lar  peak stress 
was lower because of lower confinement; th is  was 
related to the h igher frequency of cleats and the 
lower frictiona l  properties of the roof/floor and coa l 
contact . Two fa i l u re mechan isms were identified : 
one in the p i l lar  and the other in the mine floor .  The 
roof stabi l ity was good at a l l  th ree sites because of 
the th ick-bedded nature of the roof strata and 
l imited tota l gate span i n  a two-entry system .  Exist­
i ng  p i l l a r  design tech n iques were shown to be 
inadequate for design , requ iring  adjustments for 
depth of cover, cleat frequency, and roof/floor 
frictiona l  properties . 
Keyword {s } : p i l l ar  strength , yield ing supports, 
coal m in ing ,  floor stabi l ity, longwal l ,  
i nstrumentation,  geologic features, lab  testing ,  
mon itoring methods, rock mechan ics 
Location (s} : Utah ,  Rocky Mou nta in  Coal Reg ion, 
Un ited States 
Ma leki ,  H .  N .  Detecting  Stabi l ity Problems by 
Mon itoring  Rate of Roof Movement. Coa l ,  
December, 1 98 8 ,  p .  34-3 8 .  
Roof fal ls  h ave long been a factor i n  coal m ine  
safety and productivity . F ive d ifferent investigators 
h ave · successfu l ly demonstrated that monitoring  the 
rate of roof movement can detect impend ing roof 
fa l ls  in a copper mine  and two coal mines in the 
western Un ited States . 
Keyword (s) : roof stabi l ity, roof support, coal 
m in i ng ,  metal m in i ng ,  mon itori ng methods 
Location (s} : Utah ,  Rocky Mou nta in  Coal Region, 
Un ited States 
Maleki , H .  N . ,  R .  Colombo, J .  F. T. Agapito . 
Geotechn ical Eva luation of Caving Min ing Systems . 
I N :  Proceedings, 3rd Conference on Ground  Control 
Problems in the I l l i nois Coal Bas in ,  Mt. Vernon,  I L, 
August 8- 1 0, 1 990, Y. P .  Chugh ,  ed . ,  Southern 
I l l i nois Un ivers ity, Carbondale,  p. 249-256 .  
Geotechn ical advantages of  short-wal l  m in ing  
systems have been identified for sha l low I l l ino is 
m ines .  These inC lude ( 1 ) a reduction of surface 
tens i le  stra ins  and improvements in  hydrologic con­
tro l ,  (2 }  an improvement in underclay stabi l ity, and 
{3 )  a reduction of face support capacity requ i rements . 
Keyword (s) :  geotechn ica l ,  shortwal l ,  f loor 
stabi l ity, room-and-pi l lar, coal m in i ng ,  active m ines,  
longwal l ,  overbu rden , hydrology, subsurface water, 
geologic features, in  situ testing ,  h igh -extraction 
retreat 
Location (s) :  I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Maleki ,  H .  N .  Development of Model ing Proce­
dures for Coal Mine Stabi l i ty Eva luation . I N :  Rock 
Mechan ics Contributions and Chal lenges,  
Proceedings of  the 3 1 st U . S .  Rock Mechan ics 
Symposium,  June 1 8-20, 1 990, W .A . H ustru l id  and 
G .A.  Johnson , eds . ,  Golden , CO, Balkema ,  
Rotterdam, p .  85-92 . 
Procedu res were developed for coa l mine 
stabi l ity eva luation us ing long-term instru mentation ,  
extensive n umerical model i ng ,  and u n derground  
observations .  I n  view of  the  l ack  of  a coherent 
design methodology for jo inted coal measu re strata, 
such procedures shou ld enhance coal m ine  desig n  
efforts toward increasing m i n e  stab i l ity and pro­
ductivity . In th is paper, an  integrated approach for 
coal mine stabi l ity eva luation is  developed, us ing 
both p lanned geotechn ica l  mon itor ing and  n umerical  
model i ng .  Genera l  mon itoring  and model i ng  
procedu res are developed by ana lyz ing  a 
comprehensive case study at a coa l m ine  in the 
western Un ited States . 
Keyword (s) :  coal m in ing ,  model ing ,  
instrumentation , monitoring  methods, g eolog ic 
featu res 
Location (s) : Utah ,  Rocky Mounta in  Coal Region , 
Un ited States 
Malgot, J . ,  F. Bal iak, T. Mahr .  Prediction of the 
Influence of Underground Coal Min ing on S lope 
Stabi l i ty in  the Vtacn ik  Mounta ins .  Bu l let in of the 
I nternational  Association of Engineering  Geology, 
Paris, no .  33, Apri l ,  1 986,  p. 57-65 . 
Coa l m in ing  in the Handlova deposit in midd le 
S lovakia takes p lace u nder compl icated eng ineeri ng  
geological conditions a t  the  foot of  the  volcan ic  
Vtacn ik  mounta ins,  wh ich have slopes affected by  
deep gravitational  deformations .  A prediction ,  based 
on a deta i led eng ineering geological investigation 
after undermin ing ,  was made of the inf luence of 
coal m in ing  on the surface of the mounta ins .  
Resu lts wi l l  serve to  protect fou r  vi l lages . 
Keyword (s) : pred iction,  active m ines, surface 
structu ra l damage, eng ineering ,  coa l m in ing ,  
geologic featu res 
Location (s) :  Czechoslovakia 
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Malki n ,  A. B . ,  J .  C .  Wood . Subsidence Problems in 
Route Design  and Construction .  Quarterly Journa l  
of Engi neeri ng  G eology, G reat Brita in ,  v .  5 ,  1 97 2 ,  
p .  1 79 - 1 94 .  
Keyword (s) :  su rface structu ra l  damage, 
eng ineering ,  roads 
Location (s ) : Eng land 
Maneval ,  D .  R . ,  H .  B .  Charmbury, R .  A.  Lam bert .  
Underground Stowing of Anth racite Refuse for 
S u rface Su pport .  A I M E  Preprint No .  66F6 1 , 1 966 .  
Th is paper  describes mine flush ing  us ing coa l 
m ine  refuse . A description and cost of one project 
is  i nc luded . 
Keyword (s) : hydrau l ic backfi l l i ng ,  economics, 
m ine  waste, anth racite, coal m in ing  
Location (s ) : Un ited States 
Mansur, C. I . , M .  C. S kouby.  Mine G routing to 
Contro l Bu i ld ing  Settlement.  ASCE Journal  Soi l  
M echan ics and Foundations Division , v .  96,  n o .  
S M 2 ,  1 970, p .  5 1 1 -5 2 2 .  
F u rther su bsidence of a partia l ly constructed 
bu i ld ing  above an a bandoned coal mine is prevented 
by f i l l i ng  the mine with portland cement grout .  
Keyword (s} : g routing ,  su rface structu ra l  
damage,  abandoned mines, coa l min ing 
Location (s) : Un ited States 
Man u ia ,  C .  B . ,  B. Mozu mdar, D. K.  Jen g .  A Master 
Environ menta l  Control and Mine System Design 
S imu lator for Undergrou nd Coal M in in g .  Volu me V .  
Su bsidence Su bsystems, G rant GO 1 1 1 808, Penn­
sylvan ia  State Un iversity, U .S .  Bureau of  M ines 
O F R  84(5) -76,  1 974, 1 99 p .  (NTIS PB 255 425)  
Keyword (s) : coa l m in ing ,  mine design, model ing 
Location (s ) :  Un ited States 
Manu ia ,  C. B . ,  R. A. Rivel l ,  R. V. Raman i .  A Master 
Environmenta l Control and Mine System Design 
S i m u lator for Underground Coal M in ing .  Volume XI . 
Tota l Systems Appl ication,  G rant GO 1 1 1 808,  
Pen nsylvan ia State Univers ity, U .S . Bureau of 
M ines O F R  84( 1 1 ) -76, 1 975,  620 p .  (NTIS PB 255 
43 1 }  
Keyword (s } :  coa l m in ing ,  mine design,  model ing 
Location (s) : Un ited States 
Manu ia ,  C. B . ,  A. S .  C. Owi l i -Eger.  A Master 
Environ menta l Control and Mine System Design 
S imu lator for Underground Coal M in ing ,  v .  IX:  
Water Generator .  U . S .  Bureau of Mines Open F i le  
Report 84(9 )-76,  1 97 5 .  
Keyword (s) : subsurface water, coal m in ing  
Marino, G .  G . ,  J .  W .  Mahar, E .  J .  Cord ing ,  J .  E .  
Sh ively, T .  K .  Lu ndin . Mine S u bsidence and Related 
Damages in 0 1 Fal lon , I l l i nois, Phase 2 Report. 
I l l ino is Abandoned Mined Lands Reclamation 
Cou nci l ,  Springfie ld,  1 9 80, 1 00 p .  
Th is document presents the deta i led find ings of 
the Phase I I  mine subsidence study at 0 1 Fal lon , 
I l l i no is .  The docu ment is the product of 2 years of 
research and mon itori ng that fol lowed the m ine  
subsidence episode in Au gust 1 978 . Two h omes 
were severely damaged by the mine subsidence, as 
were several ut i l ities . 
Keyword (s) :  su rface subsidence damage,  
surface structu ra l damage,  uti l it ies, abandoned 
mines, coal min ing 
Location (s} : I l l inois,  I l l inois Coal Bas in , Un ited 
States 
Marino, G .  G . , J .  W. Mahar, T. K. Lu ndin . M ine  
Subsidence and  Related Structu ral Damage, 
Hegeler, I l l inois . Phase I Report to the U . S .  Bureau 
of Mines, 1 98 1 ,  62 p.  
Keyword (s) :  surface structural damage, 
abandoned mines, coal m in ing  
Location(s) : I l l ino is ,  I l l ino is Coal Basi n ,  Un ited 
States 
Mar ino, G .  G . , J. W. Mahar, D. J .  Dobbels, D. R .  
Kiesl ing .  M i n e  Subsidence and Related Structu ra l 
Damage, Hegeler, I l l ino is .  Report to U .  S .  Bureau of 
Mines, Twin Cities Research Center, M inneapol is ,  
MN, Ju ne, 1 982 ,  1 20 p.  
The purpose of th is stu dy was to augment the 
characterization and understand ing of m ine  
su bsidence and related damage occurri ng  over 
abandoned room-and-pi l lar mines .  The project 
objective was to su mmarize and eva luate th ree 
adjacent subsidence cases in Hegeler, I l l ino is .  Phase 
I of the research pr imar i ly considered the surface 
effects and related damage to surface structu res . 
Phase I I  concentrated on the mechan isms of m ine  
col lapse . Th is report summarizes both phases . 
Keyword (s) : abandoned mines,  su rface 
structu ral damage, subsurface structu ra l damage,  
coa l min ing,  geolog ic featu res 
Location (s) : I l l inois,  I l l ino is Coal Basi n ,  Un ited 
States 
Marino, G .  G . , J .  W. Mahar .  Response of Homes to 
Sag Su bsidence Over I l l inois Abandoned Coal 
Mines. Presented at Society of M in ing  Eng ineers of 
AI M E  Annua l  Meeting,  Los Angeles, CA, Februa ry 
26-March 1 ,  1 984, S ME-AI M E  preprint 84- 1 8 1 ,  
1 8  p .  
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Th is paper summarizes and evaluates data on 
mine subsidence ground movements and associated 
damages for houses in  I l l i no is .  The response of 
these homes is expressed in terms of repa ir costs . 
Keyword (s) : abandoned mines, surface 
structu ra l damage,  economics, coal m in ing ,  
structura l  m itigation 
Location (s) : I l l inois,  I l l ino is Coa l Bas in ,  Un ited 
States 
Marino, G .  G . ,  J .  W. Mahar .  S u bsidence Damaged 
Homes over Room and P i l lar  M ines in  I l l i no is .  I l l inois 
Abandoned Mined Lands Reclamation Cou nci l  
Report, S pringfield ,  1 984, 450 p.  
Keyword (s) : su rface structu ral damage, 
abandoned mines,  room-and-pi l lar, coal m in ing  
Location (s) :  I l l inois, I l l ino is Coa l  Basin ,  Un ited 
States 
Marino ,  G .  G . ,  J. W. Mahar .  House Damage Criteria 
for Sag-Su bsidence Over I l l inois Room a'nd Pi l lar  
Coal  Mines .  Transactions,  S M E-AI ME, December, 
1 984, v.  278 ,  p. 1 8 1 8- 1 8 2 5 .  
This paper provides an understand ing o f  the 
behavior and potential  damage of homes resu lti ng 
from sag-type mine  subsidence . Extensive and 
n umerous case h istories in  I l l inois were col lected . 
The house response to subsidence- induced ground  
d isplacements i s  summarized and evaluated . 
Keyword (s) :  surface structu ral damage, 
foundations, room-and-pi l lar,  abandoned mines, coal 
m in ing  
Locati on (s ) :  I l l inois ,  United States 
Marino,  G .  G . , E .  J .  Cord ing .  Geotechn ical Aspects 
of S u bsidence Over Room and Pi l lar  Mines in  
I l l i nois .  I N :  Proceedings,  4th Conference on G round  
Control i n  Underground Min ing ,  J u ly 22-24, 1 985 ,  
Morgantown , WV,  9 p .  
S ite conditions a t  several sha l low room-and­
p i l lar  m ines i n  I l l i nois are described and compared 
with the characteristics of the subsidence profiles 
at the ground su rface . The shape and magn itude of 
the subsidence profi les were found to be closely 
related to the th ickness of the soil and rock over­
burden , the percent extraction of the coa l ,  and the 
shape of the mine p i l lars .  The room-and-pi l lar  mines 
were located at a sha l low depth beneath flat to 
gently rol l i ng  terra in . Thickness of the coa l seams 
ranged from 6 to 9 feet and was u nderla in by 
u nderclays at a l l  s ites . Th is information was 
developed to improve tech n iques for eva luat ing the 
su bsidence potential  at sites with in  the I l l i nois Coa l 
Bas in . 
Keyword (s) :  geotechn ica l ,  room-and-pi l lar,  
g round  control ,  p i l lar strength ,  coal  m in i ng  
Location (s ) :  I l l i nois, I l l i nois Coa l  Basin ,  Un ited 
States 
Marino,  G .  G .  Subsidence Damaged Houses over 
I l l i nois Room and Pi l lar M ines .  Ph . D .  Thesis,  
Un iversity of I l l i nois at Urbana-Champaign ,  Urban a ,  
I L, 1 985 ,  435 p .  
A relationsh ip  is  establ ished between residentia l  
damage and ground movements over Il i nois room­
and-pi l lar  mines .  House damage can be estimated 
us ing th is g roun d  movement damage criterion and  
knowin g  the expected level o f  g round  displacement.  
Su bsidence characteristics observed at the g round  
surface are presented for estimatin g  groun d  
movement for damage pred iction . 
Keyword (s } :  su rface structura l damage, room­
and-pi l lar, coal  m in ing ,  abandoned m ines,  structu ra l 
m itigation , vertica l d isplacement, foun dations 
Location (s} : I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Marino, G .  G . ,  A. G .  Devi ne .  M ine  S u bsidence and  
Related Structura l Damage, Hegeler, I l l in ois from 
Ju ly 1 98 1  to February 1 98 5 .  Report to U . S .  Bureau 
of Mines-Twin Cities Research Center, May, 1 985 ,  
Civi l Eng ineering  Department, Un iversity of  I l l i nois 
at Urbana-Champa ign ,  45 p .  
The objectives o f  th is research program were to 
( 1 )  mon itor m ine  subsidence effects on the surface, 
the near-surface groundwater, and the surface 
structures; and (2) assess subsurface condit ions 
and evaluate mechan isms of long-term mine  
col lapse or yield . Th is work was conducted over an  
area of  abandoned workings i n  Hegeler, I l l i nois ,  
where subsidence has resu lted and  is expected to 
conti nue .  
Keyword (s) : su rface structural damage, coal 
m in ing ,  abandoned mines, subsurface water, 
mon itoring  methods, t ime factor, vertical 
displacement, horizontal d isplacement 
Location (s) :  I l l i nois, I l l i nois Coal Basin ,  U n ited 
States 
Marino,  G .  G . , J .  W .  Mahar, L. R. Powel l ,  R .  E .  
Th i l l . Ground Su bsidence and Structural Damage 
Over an Abandoned Room-and-P i l lar  Coal Mine at 
Hegeler, I L. U . S .  Bureau of Mines IC 9072, 1 98 6, 
24 p .  
The US BM and the Un iversity of I l l i no is 
investigated surface characteristics and damage to 
structu res from mine subsidence over a room-and­
pi l lar coal mine in Hegeler, I l l ino is .  Data on th ree 
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adjacent su bsidence sags and associated structura l 
damage were col lected, summarized, and evalu ­
ated . The subsidence sags  developed over a 1 0-
year period and  took place above a modified room­
and-p i l l a r  operation m in ing  the Herrin coal at a 
depth of 1 30 to 1 35 feet . S u rface vertical d isplace­
ments of 3 . 0  to 3 . 5  feet resu lted from extracting  
6 .  1 to  6 . 4  feet of  coa l .  
Keyword (s) : room-and-pi l lar, abandoned m ines,  
su rface structu ra l  damage,  coa l  m in ing ,  uti l ities 
Location (s) : I l l i no is, I l l inois Coal Bas i n ,  Un ited 
States 
Mari no,  G .  G .  I nteractions Between Bu i ld ing and 
Su bsidence Movements . IN :  Proceedings,  2nd  
Workshop on S u rface Subsidence due to 
Underground  M in i ng ,  Morgantown , WV, June  9- 1 1 ,  
1 986 ,  S .S .  Peng ,  ed . ,  West Virg i n ia Un iversity 
Department of M in i ng  Eng ineering ,  p .  1 63- 1 80.  
The mq in  subsidence-ground-structure 
interactions a re presented , with an overview of the 
response of su rface structures to subsidence 
ground  movements . Data presented genera l ly apply 
to structu res u p  to two or th ree stories h igh  and no  
more  tha n  several h u n dred feet i n  length . 
Keyword(s ) : surface structural damage, 
construction ,  fou ndations,  coal m in ing  
Mar ino ,  G .  G .  Long-Term Stabi l ity of  Overburden 
Above Room and Pi l lar  Mines .  I N :  Mine Subsidence, 
M . M .  S i ngh ,  ed . ,  Society of M in ing  Eng ineers fal l  
Meeti ng ,  St .  Lou is ,  MO,  September, 1 986, S M E, 
Littleton ,  CO,  p .  73-82 .  
Vast i mprovement i n  methods of  design and  
ana lys is o f  the  long-term stabi l ity of  overbu rden 
above room-and-p i l lar  m ines is needed . Improved 
methods are vita l for pla n n ing and land develop­
ment and for prediction above exist ing,  presently 
stable,  room-and-pi l lar  mines .  
Keyword (s ) :  overburden , room-and-pi l lar, roof 
stab i l ity, f loor stab i l ity, p i l lar  strength , mine design ,  
agricu ltu re, coal m in i ng  
Location (s) : I l l i nois, I l l i nois Coa l  Bas in ,  Un ited 
States 
Mar ino,  G .  G . ,  M .  R. Funkhouser.  M ine  Subsidence 
of the D istrict 1 1  State Pol ice Headquarters, 
Maryvi l le ,  I l l i no is .  F ina l  report for I l l i nois Abandoned 
M ined Lands Reclamation Counc i l ,  Spr ingfield, 
1 986,  8 1  p .  
Keyword (s ) :  su rface structu ra l  damage, 
abandoned m ines, coal m in i ng  
Location (s) : I l l i nois, I l l inois Coal Bas in ,  Un ited 
States 
Marino, G .  G . ,  W.  L. Gamble .  Mine S u bsidence 
Damage from Room and Pi l lar M in ing  in  I l l i no is .  
I ntern ationa l  Journa l  of  M in ing  and Geological  
Eng ineering ,  v .  4, 1 986,  p .  1 29- 1 50 .  
Th is paper presents case h istories of  sub­
sidence damage occurring  over abandoned room­
and-p i l lar mines in I l l ino is .  Major modes of behavior 
and damage in  houses from sag-subsidence are 
su mmarized . The houses rested on concrete and 
mason ry fou ndations .  The preva lent mode of fa i l u re 
of bear ing wa l ls was inward bend ing .  Fa i l u re is  
ana lyzed . Conventional  des ign procedu res are u sed 
to eva luate foundation fa i l u re .  
Keyword (s ) :  foundations, surface structu ra l  
damage, room-and-pi l lar ,  coa l  m in i ng ,  abandoned 
mines 
Location (s ) :  I l l i nois,  I l l inois Coal Bas in , Un ited 
States 
Marino, G .  G .  Analysis of the I n it ial  Col lapse of the 
Overbu rden Over Longwal l  Panels Us ing  Su bsidence 
Data . I N :  Proceedings, 7th I nternationa l  Conference 
on Ground Control in M in ing ,  Morgantown , WV, 
August, 1 98 8 .  
Docu mented case h istories o f  surface ground  
movements from m ine  subsidence were u sed to 
he lp determine when the i n it ial  col lapse of the 
overburden occurred above longwal l  panels . 
Keyword (s) : longwal l ,  coa l m in ing ,  overbu rden , 
vertica l d isplacement, engineering ,  geotech n ica l ,  
roof stabi l ity, mon itori ng methods 
Location (s) : I ll inois, I l l inois Coa l Basin ,  
Appalachian Coal Reg ion,  Colorado, New Mexico, 
Un ited States 
Mar ino, G .  G . , J .  W. Mahar, E. W. Murphy.  
Advanced Reconstruction for  Subsidence-Damaged 
Homes . I N :  Mine Induced Subsidence : Effects on 
Eng ineered Structures, Proceedings of the 
Sympos ium,  American Society of  C iv i l  Eng ineers ,  
Nashvi l le,  TN, May 1 988 ,  p .  87- 1 06 . 
S ign ificant repa ir costs have resu lted from 
homes damaged by subsidence from underg round 
coal min ing . A research and development project 
was undertaken in I l l inois to address many of the 
residential damage and reconstruction problems 
from mine subsidence . Phase I of th is project is 
complete and h as resu lted in  a draft handbook of 
advanced abatement and reconstruction methods . 
Keyword (s ) : insurance, su rface structu ra l 
damage, coal min ing,  foundations, structu ra l 
m itigation 
Location (s) : I l l i nois, I l l i no is Coal Bas in ,  Un ited 
States 
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Mar ino,  G .  G .  Progress ive Fa i l u re of the V-Day Mine 
and  a Comparison with Other S imi lar  Features in  
I l l i no is .  I N :  Proceedings 9th  I nternationa l  Con­
ference on G round  Control i n  M in ing ,  June  4-6, 
1 990, S .S .  Peng ,  ed . ,  West Virg in ia Un ivers ity, 
Morgantown,  p. 1 83- 1 92 .  
The performance of the V-Day Mine near 
Danvi l le ,  I l l ino is ,  has been eval uated from data 
extend ing about 20 years . The area inc luded in th is 
study involves more than 1 6  acres . Th is enti re area 
h as progress ively subsided . Extens ive data has been 
col lected on the geologic a n d  min ing  cond it ions, the 
su bsidence movements, and on the response of the 
su rface structu res to the su bsidence . 
Keyword (s) : abandoned mines,  coal m in i ng ,  
su rface structural damage, room-and-pi l lar, geologic 
featu res, floor stabi l i ty 
Location (s) : I l l i nois, I l l inois Coal Bas in ,  Un ited 
States 
Mar ino,  G .  G .  S u bsidence Damage and Remedies . 
I N :  M ine  S u bsidence - Prediction and Contro l ,  
Nationa l  Symposium,  33rd An nua l  Meeting ,  
Association of  Eng ineeri ng  G eolog ists, G .D .  E l ifrits, 
ed . ,  October 2-3, 1 990, Pittsburgh ,  PA, p .  
1 53- 1 64. 
This paper describes the development of 
advan ced procedu res on abatement and 
reconstruction of homes damaged by mine 
subsidence.  The objectives of the project are for 
more economical  and effective abatement 
measures, correct eva luation of damage, and 
education of contractors with abatement and 
reconstruction technology. 
Keyword (s) : i nsurance,  room-and-pi l lar, 
abandoned m ines, surface structu ra l  damage, 
eng ineering  
Location (s) : I l l inois, I l l i nois Coa l Basin ,  Un ited 
States 
Marino, G .  G . , W. L. Gamble .  Repair and 
,Strengthen ing  of S u bsidence Damaged Concrete 
Block Fou ndation Wal ls . I N :  Proceedings, 5th North 
American Masonry Conference, June  3-6, 1 990, 
Urbana ,  I L, 1 2  p .  
Th is  paper describes ongoing  research and 
development of  improved methods for repa ir  of 
concrete block fou ndations .  
Keyword (s ) :  structu ra l m itigation , surface 
structu ra l damage, foundations, eng ineering ,  
vertica l  d isplacement, horizontal d isp lacement, coal 
m in ing  
Location (s) : I l l i no is,  I l l ino is Coal Bas in ,  Un ited 
States 
Marino, G .  G .  I nnovative Repa ir of S u bsidence 
Damage . I N :  Proceedings Th i rd Workshop on 
Su rface Subsidence Due to Underg round  M in ing ,  
June  1 -4, 1 992 ,  S .S .  Peng ,  ed . ,  Morgantown , WV, 
p. 1 39- 1 45 .  
To improve hand l ing of su bsidence damages, 
the I l l inois Mine Subsidence I nsurance Fund  
supported the  development of  novel cost-effective 
methods of repair .  The research in  develop ing the 
repa i rs was d i rected towards the most common and  
costly damages observed . As  a resu lt, repa ir  
techn iques were des igned for structura l ly cracked 
foundations in  the tension and compression zones,  
and for  damaged or undamaged ti lted foundations .  
All the postu lated repa i r  methods were laboratory 
and/or field tested . 
Keyword (s) :  structura l m itigation ,  su rface 
structura l damage, insurance, coal m in i ng ,  
foundations,  eng ineering ,  construction ,  lab  testin g  
Location (s) :  I l l inois,  I l l inois Coa l Basi n ,  Un ited 
States 
Mark, C . ,  Z. T. Bien iawski . A New Method for 
S iz ing Longwa ll P i l lars Based on Field 
Measu rements . I N :  Proceedings,  6th I nternationa l  
Conference on G round Control i n  M in ing ,  J u n e  
9- 1 1 ,  1 987 ,  S . S .  Peng ,  ed . ,  West Virg in i a  
Un iversity, Morgantown , p .  1 57- 1 7 1 . 
A new method for the design of longwal l  p i l l a rs ,  
ca l led "Ana lysis of  Longwal l  P i l l a r  Stab i l ity11 (ALPS ) 
is described . The method is the fi na l  resu lt of a 
research program that inc lu ded two major f ield 
studies, extensive reana lysis of data from other in  
situ measu rements,  and deta i led eva luations of 
ava i lable p i l lar  design methods . The key problem 
addressed by ALPS is estimation of the abutment 
loads appl ied to longwal l  p i l lars .  
Keyword(s) : p i l lar  strength , longwal l ,  computer, 
mine design ,  prediction,  coal m in ing  
Location (s ) :  West Virg in ia ,  Kentucky, 
Appalach ian Coal Reg ion,  Un ited States 
Mark, C . ,  T. Barton . Field Eva luation of Yield P i l lar  
Systems at a Kentucky Longwa l l  Headgate . I N :  
Proceedings, 7th I nternationa l  Conference on 
Ground  Contro l in  M in ing ,  August 3-5, 1 988 ,  S . S .  
Peng ,  ed . ,  Department of M in ing  Eng ineering ,  West 
Virg in ia Un iversity, Morgantown , p. 1 -9 .  
The USBM i s  conductin g  research to assess the 
effectiveness of d ifferent cha in  p i l lar  des igns in  
mainta in ing gate entry stabi l ity . The study 
described in this paper was performed in an 
experimental headgate section which was 1 ,200 
feet long and conta ined three p i l lar  designs :  ( 1 )  a 
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th ree-entry, yield-abutment p i l lar  system,  (2 )  a fou r­
entry, yie ld-abutment p i l lar  system,  and (3 )  a five­
entry, a l l-yield p i l lar  system .  Eng ineers mon itored 
entry convergence, roof sag, and changes in roof 
qua l ity .  The resu lts of the study ind icate that the 
a l l-yie ld system performed at least as wel l  as, and 
probably better than ,  the two abutment p i l lar  
systems.  
Keyword (s) : p i l l ar  strength , yield ing supports, 
longwa l l ,  m ine  design ,  roof stabi l ity, roof support, 
geologic features 
Location (s) : Kentucky, Un ited States 
Mark, C . ,  J .  Listak, Z. T. Bien iawski . Yield ing  Coal 
P i l lars--Field Measu rements and Analysis of Design .  
I N :  Key Questions i n  Rock Mechan ics, Proceedings 
of the 2 9th U .S .  Symposium,  Minneapol is,  M N ,  
J u n e  1 3- 1 5 , 1 988 ,  P . A .  Cunda l l ,  R . L. Sterl i ng ,  and 
A . M .  Starfield , eds . ,  Ba lkema, Rotterdam, p .  
2 6 1 -270.  
Yie ld ing p i l lars are ga in i ng  increasing 
acceptan ce as a techn ique  for improving ground  
control in  coal m ines The  field stud ies described i n  
th is  paper provide ins ights into the  fa i l u re 
m echan ics of yield ing p i l lars that may prove he lpfu l 
i n  improvin g  yield ing p i l lar  desig n .  Analys is inc ludes 
the derivation of expressions for the stress 
d istribution with in a yield ing p i l lar  impl ied by several 
wel l known empirical  p i l lar  design formu las .  
Keyword (s) :  yield ing supports, coal m in ing ,  
longwal l ,  instrumentation,  model ing ,  empir ical 
model  
Mark, C .  Lon gwal l  P i l lar  Design--Some Recent 
Developments .  S M E  Preprint 98- 1 03, for 
presentation at S M E  An nua l  Meeting ,  Las Vegas, 
NV, Februa ry 27-March 2 ,  1 989,  9 p.  
Effective ground  control in gate entries, 
particu larly in the ta i lgate travelways, is  essentia l  
for safe longwal l  m in i ng .  Longwa l l  p i l lars mainta in  
gate entry stabi l ity and carry abutment loads .  To 
answer the need for effective longwal l  p i l l ar  des ig n ,  
an  empi rical  method cal led Analysis o f  Longwal l  
P i l l ar  Stab i l ity (ALPS) was proposed . The ALPS was 
orig in a l ly developed from field studies in wh ich 
m u lt ip le stressmeters were insta l led in  longwa l l  
p i l l a rs and mon itored during min i ng . Severa l new 
field stud ies h ave been used to verify formu las for 
p redictin g  abutment �trength and p i l lar  loads, and 
to  develop a n  express ion for the  d istribution of  the 
abutment load . S ince its development, ALPS has 
been app l ied to nearly 1 00 mining case h istories 
th roughout the eastern Un ited States . 
Keyword (s ) :  longwal l ,  mine design ,  p i l l a r  
strength,  coa l  min ing,  ground contro l ,  yield ing 
supports, computer 
Location (s) : Appalachian Coal Region , Un ited 
States 
Mark, C. P i l lar  Design Methods for Lon gwal l  M in in g .  
U .S . Bureau of M ines I C  9247, 1 990, 53 p .  
Effective ground control i n  the gate entries is 
essentia l  for safe and productive longwa l l  m i n in g .  
Longwal l  p i l lars protect the gate entries from the 
severe abutment loads that develop as the longwa l l  
retreats . Th is report focuses on the  Ana lysis of 
Longwal l  P i l lar  Stabi l ity (ALPS) design method . With 
ALPS, min ing  engineers can estimate the strength 
of longwal l  p i l lar  systems and the load that wi l l  be 
appl ied to them . Severa l other methods that can 
be d i rectly used to size longwal l  p i l l ars are a lso 
described, using a data bank  of more than 1 00 
case h istories . 
Keyword (s ) :  p i l lar  strength , m ine  design ,  
longwal l ,  coal m in ing ,  ground control , yield ing 
supports, mu ltip le-seam extraction , floor stab i l ity 
Location {s) : Un ited States 
Mark, C .  Horizontal Stress and its Effects on 
Longwal l  Ground Contro l .  M in ing  Eng ineering ,  
November 1 99 1 ,  p .  1 356- 1 3 60 .  
Th is paper discusses measu rements of  in  s itu 
horizontal stress fields i n  the eastern Un ited States, 
experience with horizontal stress in longwal l  m ines,  
and methods for  predicting  and contro l l i ng  h or izon­
ta l  stresses . The data were col lected through  s ite 
investigations at 45 longwal l  m ines i n  the Un ited 
States and a review of i nternationa l  l iterature . 
Keyword (s) :  longwal l ,  coal m in i ng ,  g round  
contro l ,  roof stabi l ity, m ine  desig n ,  l iterature search 
Location (s } :  West Virg in ia ,  Pennsylva n ia ,  
Appa lach ian Coal Region , I l l inois,  I l l ino is Coal Bas in , 
Alabama, Un ited States 
Marr, J .  E. Horizontal and Vertical Movements of 
the Su rface in Longwa l l  M in i ng .  Transactions,  
Institute of Min ing Engineers, London,  1 950, p .  
1 06- 1 1 8 . 
Keyword (s) : horizontal d isplacement, vertical 
disp lacement, longwa l l ,  surface su bsidence damage 
Location {s ) :  Eng land 
Marr, J . E . ,  J .  F .  Ward . Some Practical Aspects of 
Precise Subsidence Surveying . Transactions,  
I n stitute Min ing Su rveyors, 1 952,  1 7  pp; ava i lab le 
upon request from A.J . Fejes, U . S .  Bu reau of 
M ines, Denver, CO . 
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Th is paper eval uates survey techn iq ues and 
deta i ls the  design and construction of  survey 
monu ments used to mon itor ground movements 
over longwal l  m in ing  operations .  
Keyword (s) : mon itoring design ,  monitoring  
insta l lation , mon itor ing equ ipment, su rvey methods, 
su rvey data process ing,  longwal l ,  instru mentation 
Location (s) : Un ited States 
Marr ,  J .  E .  A New Approach to the Estimation of 
M in ing  Su bsidence.  Transactions,  I nstitute M in ing  
Eng ineers, London , v .  1 1 8 , 1 958-59 ,  p .  692-706 . 
From the study of the shapes of a n umber of 
su bsidence profi les, a general mathematical 
equation to define  var ious subsidence parameters 
has  been deduced . The appl ication of th is equation 
to two exam ples is i ll ustrated . The relationsh ip  
between the ang le  of  draw and the width/depth 
ratios for severa l strata are considered, p lus  the 
relationsh ip  between ang le of draw and incl ined 
strata . The effect of variations in local geological 
conditions and the qua l ity of packing systems a re 
d iscussed, a long with the accu racy to which 
subsidence estimations can be carried out.  
Keyword (s) : vertical d isplacement, prediction, 
ang le of draw, backfi l l i ng ,  geologic featu res 
Marr, J .  E. The Estimation of Min ing Subsidence. 
Col l iery G uardian ,  v .  1 98 ,  no.  5 1 1 6, March,  1 959 ,  
p .  345-352 . 
Th is  article d iscusses genera l  aspects of 
subsidence pred iction . I nc luded are data l ater 
i mproved and summarized in  the form of the 
Nationa l  Coal Board ' s  Subsidence Eng ineers ' 
Handbook. 
Keyword (s) :  pred iction , longwal l ,  surface 
structu ral damage, vertica l d isplacement, horizontal 
d isp lacement, Nat ional  Coal Board, coal m in ing  
Location (s) : Eng land,  Eu rope 
Marr, J. E. Subsidence Observations in the South 
Lancash i re Coalfie l d .  Sheffield Un iversity M in ing  
Magaz ine ,  1 96 1 , p .  24-3 5 .  
Keyword (s) :  surface su bsidence damage, coal 
m in ing  
Location (s ) :  Eng land 
Marr, J .  E .  The Effects on Su rface Property By a 
Modified M in ing  Method .  Chartered Su rveyor, v .  
97 ,  Jan uary, 1 965 . 
Keyword (s) : surface structu ral damage, mine 
design 
Marr, J .  E .  The Appl ication of the Zone  Area 
System to the Prediction of M in ing  S u bsidence . The 
Min ing Eng ineer, London ,  v .  1 76 ,  no . 1 35 ,  October, 
1 975,  p. 53-62 . 
This article outl ines the introduction and i n it ia l  
development of the zone a rea system i n  Europe and 
the d ifficu lties experienced i n  app ly ing the system 
to British min ing circumstances . 
Keyword {s) : zone area , vertical d isplacement, 
horizonta l  d isplacement, prediction 
Location (s) : Eng land,  Eu rope 
Marsden,  S .  S . ,  Jr . , S .  N .  Davis .  Geologic 
Su bsidence . Scientific American ,  v .  2 1 6, 1 967,  p .  
93- 1 00. 
Keyword {s) : fl u id extraction 
Location {s) : Un ited States 
Marsha l l ,  G .  J .  A Viscoelastic Treatment of the 
Deformation of the G round Caused by M in i ng  
Operations .  Journal  Mechan ics Physics Sol ids,  v .  
1 7 , n o . :3, 1 969 ,  p .  1 5 1 - 1 62 .  
Keyword (s) :  model i ng ,  viscoelastic model,  
phenomenological model 
Martin ,  A .W.  & Associates, I nc .  Relationsh ip  
Between Underground Mine  Water Pools and  
Subsidence in t he  Northeastern Pen nsylvan ian  
Anth racite F loods .  Department of  Environmental 
Resou rces, Commonwea lth of PA, Harrisburg ,  
1 97 5 .  
Keyword {s) : subsurface water, hydrology, 
anth racite, coa l  m in ing ,  environment 
Location {s) : Pen nsylva n ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Martin ,  A. W. & Associates, I n c .  Development of a 
Comprehensive Program of I nsurance Protection 
Against Min ing  Su bsidence and Associated 
Hazardous  Location Risks .  Appalach ian Reg iona l  
Commission Report ARC-73- 1 63-2558 ,  J u ne 1 975 ,  
1 08 p .  (NTIS PB 272 5 1 5 ) 
Keyword (s ) :  i nsurance 
Location (s ) :  Pennsylvan ia,  Appalach ian  Coal 
Region , Un ited States 
Martin ,  C. H . ,  A. J .  Hargraves . Shortwa l l  M in ing  
with Power Supports in  the  Broken H i l l  Proprietary 
Co . ,  Ltd . Mines in Austra l ia . I N :  Proceedings,  5th 
I nternationa l  Strata Control Conference, London,  
1 972,  Nationa l  Coal Board , p .  1 3 . 1 - 1 3 . 1 3 . 
Keyword (s) :  shortwal l ,  Nationa l  Coal Board,  
roof support, coa l  m in ing  
Location (s} : Austra l ia  
2 5 1  
Marti n ,  J .  C . ,  S .  Serdengecti . Subsidence Over O i l  
and Gas F ields .  I N :  Man- Induced Land Su bsidence, 
Reviews i n  Eng ineering  Geology VI, The Geological  
Society of America, 1 984, T.L.  Holzer, ed . ,  p .  
23-34 .  
Most o i l  and  gas reservoi rs experience on ly 
smal l  amounts of com·paction and su rface sub­
s idence . S ign if icant su bsidence due to production 
of h ydrocarbons h as been observed over some oi l  
and gas fie lds . Th is paper presents a review of the 
fu ndamenta ls of reservoi r  compaction and surface 
su bsidence over oil and gas fields and expla ins why 
la rge-scale subsidence is rare .  A new method of 
estimati ng  maxim u m  potential su bsidence is pre­
sented and  u sed to ana lyze the subsidence over oi l  
and gas fields in  Lou is iana . Large-scale compaction 
and su bsidence are evidently associated with 
i ne lastic behavior of the reservoir rock and in some 
cases of the surrou nd ing  rock.  No rel iable methods 
h ave been establ ished for predicti ng either the 
transition from elastic to ine lastic reservoir rock 
behavior  or large-scale  reservoir  compaction and 
su bsidence . 
Keyword (s) : o i l  extraction , fl u id extraction,  
p rediction ,  geolog ic features 
Location (s ) :  Lou is iana,  Texas, Cal iforn ia,  Un ited 
States 
Martos, F. Concern ing  An Approximate Equation of 
the S u bsidence Trough and Its Time Factor .  I N :  
Proceedi ngs, I nternational  Strata Control Congress, 
Leipz ig ,  October 1 4- 1 6, 1 958 ,  p .  1 9 1 -205 and 
LXXXl l l -XC . 
It is wel l  known that above seams in horizonta l  
or a lmost h orizontal formation at the end of move­
ments caused by u ndergrou nd excavations there is 
a trough  which in its vertical section resembles the 
profi le of a be l l . I n  th is paper a model shows the 
schematic stratification of the subsidence trough in  
the Orosz lany coa l d istrict, after having worked two 
seams .  The author expresses the various sub­
s idence troughs and profi le  curves as ana lytical 
fu nctions .  
Keyword (s) : time factor, model ing,  coal m in ing ,  
multip le-seam extraction ,  vertical d isplacement 
Location (s ) :  H u ngary 
Martos, F .  Protection of Bu i ld ings from Damage 
Caused by Rock Movement. Hu ngarian Min ing  
Research I nstitute, no .  2 ,  1 958,  p .  1 1 -2 2 .  
Keyword (s) : a rch itectu re, su rface structu ra l  
damage,  eng ineeri n g  
Marvin ,  M .  H . ,  G .  S .  Knoke,  W .  R .  Arch iba ld .  
Backfi l l i ng  of  Cavities Produced in  Borehole M in i ng  
Operations .  Contract J0285037,  F low I ndustries, 
I nc . ,  U .S . Bureau of Mines O FR 4-8 1 ,  1 979 ,  85  p .  
(NTIS PB 8 1 - 1 7 1 308 ) 
Keyword (s) :  backfi l l i ng  
Location {s) : Un ited States 
Mates, R. R . ,  A. M .  Richardson,  N .  R .  Roberts, M .  
J .  Superfesky . Rock Anchor Systems for Reducing  
Su bsidence Damage . IN :  Proceedings,  2nd 
Workshop on Surface Subsidence due to  Under­
ground Min ing ,  Morgantown , WV, June  9- 1 1 ,  
1 9 86,  S . S .  Peng,  ed . ,  West Virg in ia Un ivers ity, p .  
1 34- 1 4 1 . 
This paper describes the use of post-tens ioned 
rock anchors to reduce the risk of futu re damage to 
a res idential structu re as a resu lt of coal m ine  
su bsidence.  
Keyword {s) : surface structu ral damage, coal  
min ing,  grouting ,  abandoned mines,  i nstru mentation 
Location {s ) :  West Virg in ia ,  Appalach ian Coal  
Region , United States 
Matetic, R .  J . ,  G .  J .  Chekan ,  J .  A. Ga lek .  Design 
Considerations for Mu ltip le-Seam Min ing  with Case 
Stud ies of Su bsidence and Pi l lar  Load Transfer .  I N :  
Rock Mechan ics : Proceedings of the 28th U . S .  
Sympos ium,  Un iversity o f  Arizona,  Tucson ,  June  
29-Ju ly 1 ,  1 987 ,  l .W.  Farmer, e t  a l . ,  eds . ,  Ba lkema, 
Rotterdam, p .  1 095- 1 1 06 .  
The US BM, a s  part of a program to improve 
mine p lann ing and development, is cu rrently 
investigating interactions associated with mu ltip le­
seam min ing . Two common interactions that occu r 
between adjacent coalbeds are subsidence and 
p i l l a r  load transfer .  Th is study involves u n derground 
observations and measu rements at  two m ines 
affected by these interaction s .  
Keyword(s) : mu ltip le-seam extraction , coal 
m in ing ,  pi l lar strength,  instrumentation,  roof 
support, roof bolting ,  mine design 
Location {s) :  Un ited States 
Matetic, R. J . ,  G .  J .  Chekan ,  J .  A. Ga lek .  Room­
and-Pi l lar Mine Design in M u lt iple Seams .  Coal 
Min ing ,  December, 1 987,  p. 36-40 . 
There are two basic interactions th at occur  
between seams:  p i l lar  load transfer and subsidence .  
P i l l a r  load transfer is an interaction resu lti ng  from 
load transfer through  p i l lars in  overlyin g  or 
underlying  min ing operations .  This interaction 
occu rs particu larly when coalbeds are in  close 
proxim ity, less th an 1 1 0 feet apart .  When an 
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u n derlyin g  bed is extracted first, strata interactions 
from su bsidence wi l l  resu lt .  To further understand 
these interactions and the i r  inf luence on mine 
grou nd stabi l ity, the US BM conducts geological and 
geotechn ical investigations in  the field . This 
knowledge wi l l  lead to improvements i n  mine design  
and conservation of  resou rces that  m ight  otherwise 
be lost. 
Keyword (s) :  room-and-pi l lar,  mine design ,  
m u ltip le-seam extraction , p i l l a r  strength , coal 
m in i ng ,  roof stabi l ity, roof support, roof bolting ,  
geologic features, instru mentation , time factor 
Location {s) : Appalach ian Coa l Reg ion , Un ited 
States 
Matetic, R. J . ,  G .  J .  Chekan . Assessment of P i l lar  
Load Transfer at Two Mu ltiple-Seam Mine S ites . 
S M E  Preprint 8 9-94, for presentation at S M E  
An n u al Meeting ,  Las Vegas, NV, February 27-
March 2 ,  1 989 ,  1 3  p .  
The US BM,  as part of a program to improve 
m ine  p lann in g  and development, is currently 
investigating the effects of p i l lar  load transfer, 
which can impact m in ing  operations with in  a 
mu ltip le-seam configu ration . A comparative study 
was performed at two separate mine sites to 
determine  the effects of this load transfer 
mecha n ism . The Bureau instal led and mon itored 
instru mentation at both s ites to gather pertinent 
data on rock mechan ics . 
Keyword {s) : m ine  desig n ,  p i l lar  strength , 
mu ltip le-seam extraction , instru mentation , rock 
mechan ics, coa l m in ing ,  overburden 
Location (s ) :  West Virg in ia ,  Appalach ian Coal 
Region , I l l i nois, I l l i nois Coal Bas in ,  Un ited States 
Matetic, R. J . ,  M . A .  Trevits . Lon gwa l l  M in ing  
I m pact on Near-Su rface Water.  IN :  Mine Subsidence 
- Prediction and Contro l ,  Nationa l  Sympos ium 33rd 
Annua l  M eeting ,  Association of Eng ineering  
G eolog ists, October 2 -3 ,  1 990, C .D .  El ifrits, ed . ,  
Pittsburg h ,  PA, p .  1 3 1 - 1 39 .  
A tota l of e ight sha l low observation wel ls were 
spaced across two longwa l l  panels in Pennsylvan ia . 
Various hydrological  parameters such as specific 
capacity, transmissivity and well yield were 
determ ined before and after m in ing ,  a long with 
water level f luctuation data . 
Keyword {s ) : active mines, hydrology, 
subsurface water, overbu rden, longwal l ,  coa l m in ing  
Location (s) : Pen nsylvan ia ,  Appalach ian  Coal 
Reg ion,  Un ited States 
Matetic, R .  J . ,  M .  A .  Trevits . Hydrologic Variations 
Due to Longwal l  M in ing .  I N :  Proceedings Th i rd 
Workshop on Surface Su bsidence Due to 
Underground Min ing ,  June  1 -4, 1 99 2 ,  S .S .  Peng ,  
ed . ,  Morgantown , WV, p .  204-2 1 3 .  
A field case study was conducted in  Cambria 
County, Pennsylvan ia ,  where five observation water 
wel ls were dri l led above two adjacent longwal l  
panels . The study showed that  the observed 
changes in chemistry did not affect the potabi l ity 
of the water, short-term major water level f luc­
tuations occur at the approximate time of u nder­
min ing ,  and water level recovery beg ins  before the 
process of subsidence is  complete . 
Keyword (s ) :  longwal l ,  subsurface water, 
hydrology, monitori ng  methods, coa l m in i ng  
Location (s) : Pennsylvan ia ,  Appa lach ian Coal 
Reg ion,  Un ited States 
Mather, J .  D . ,  D .  A. Gray, D. G .  Jenkins .  The Use 
of Tracers to I nvestigate the Relationsh ip  Between 
Min ing  Su bsidence and G round Water Occurrence 
at Aberfan ,  South Wales . Journa l  of Hydrology, 
Amsterdam, v .  9 ,  1 969,  p. 1 36- 1 54.  
Keyword(s) : hydrology, monitoring  methods, 
subsu rface water 
Location (s) :  Wales, Un ited Kin gdom 
Matheson,  G. M . ,  A .  E .  Cl ift . Characteristics of 
Ch imney Subsidence S inkhole Development from 
Abandoned Underground Coal Mines Along the 
Colorado Front Range .  I N :  Proceedings 2nd 
Workshop on Su rface Subsidence due to 
Underground Min ing ,  Morgantown , WV, June  9- 1 1 ,  
1 986, S . S .  Peng,  ed . ,  West Virg i n ia Un iversity, p .  
204-2 1 4. 
The factors that control ch imney subsiden ce 
sin khole development in weak rock were assessed 
by analyzing  the characteristics of approximately 
3,000 ch imney su bsidence featu res a long the 
Colorado Front Range.  Data were col lected for 
s inkholes occu rring over both room-and-pi l l a r  and 
retreat m in ing  areas in  coa l  seams with a wide 
range of d ips . 
Keyword (s ) :  abandoned mines,  coa l m in i ng ,  
geologic featu res 
Location (s) :  Colorado, Rocky Mou ntain Coal 
Reg ion , Un ited States 
Matheson,  G .  M . ,  Z. F .  Bl iss . O bservations on the 
Location of Ch imney Subsidence S in khole 
Development Along the Colorado Front Range. I N :  
Proceedings, Conference o n  Coal M ine  S u bsidence 
in the Rocky Mou nta in  Reg ion , Colorado Spr ings,  
2 5 3  
October 28-30, 1 985 ,  J . L. Hynes, ed . ,  Colorado 
Geologica l S u rvey Specia l  Publ ication 3 1 ,  
Department of Natu ral Resources, Denver, 1 98 6, p .  
1 69- 1 89 .  
Th is paper reviews the mechan ism of ch imney 
su bsidence s in khole development in soft rocks and 
presents empi rica l  data on the maximum h eight 
ch imney subs idence may develop over horizonta l  
and d ipp ing coal  seams . General izations are drawn 
that can be usefu l in  the prediction of potential 
ch imney su bsidence s inkh ole development 
th roughout the Front Range.  
Keyword (s ) : abandoned mines, surface 
subsidence damage,  horizonta l  d isplacement, 
h istorica l ,  soi ls, roof stabi l ity, floor stabi l ity, p i l lar  
strength , coa l m in ing  
Location (s) : Colorado, Rocky Mountain Coa l 
Region , Un ited States 
Matheson , G .  M .  Subsidence Above Abandoned 
Underg round  Coal Mines-Weak Rock Overbu rden . 
I N :  Association of Eng ineering Geologists 
Sympos ium Series No .  4, Bu i ld ing Over 
Underground  Mines--Su bsidence Considerations,  
October 1 987 ,  p .  63-8 1 . 
The study of more than 85 mines of various 
ages, m ined th icknesses, depths,  and geohydrologic 
cond itions  in Colorado has shown that ( 1 )  there is a 
period in wh ich active widespread subsidence 
occu rs ,  and it beg ins with m in ing  and ends some 
20 to 30 years after min ing;  (2) su bsidence after 
th is period is  at a much lower frequency and 
appears to  occur  from the  col lapse of  re latively 
l im ited areas of m in ing ;  (3) a probabi l istic relation ­
sh ip  between depth to m in ing  and ch imney subsi­
dence s in khole development can be developed; and 
(4) over deeper m in ing  areas, cal ibrated n umerica l 
model i ng  ana lyses ind icate l im its of potent ia l ly 
damaging su rface stra ins  for the col lapse of typical 
s ized m ine  open ings . 
Keyword (s) : coal m in ing ,  abandoned mines, 
model i ng ,  room-and-pi l lar, t ime factor, overburden, 
lab testin g ,  m u ltiple-seam extraction , land-use 
p lann i ng  
Location (s) : Colorado, Wyoming,  Rocky 
Mounta in  Coal Region , Un ited States 
Matheson , G .  M .  A Probabi l istic Function for 
Pred iction of Ch imney Su bsidence S inkhole 
Development . I N :  M ine  S u bsidence - Prediction and 
Control ,  Nationa l  Symposium,  33rd An nua l  Meeting 
Association of Eng ineering  Geologists, October 2-3 , 
1 990, G . D .  E l ifrits, ed . ,  Pittsburgh ,  PA, p .  233-246 . 
The pred iction of ch imney subsidence s inkh oles 
above abandoned underground mines has depended 
largely on ru les of th umb and semiquantitative rela­
tions developed by assu ming var ious caving  geome­
tries . A study of more than 2 ,000 ch imney su bsi­
dence s inkhole features over abandoned coal  m ines 
in Colorado has resu lted in the development of a 
probabi l istic function that describes the potentia l  for 
s inkholes to develop above col lapsing  m ine  
open ings .  
Keyword (s ) :  abandoned mines,  model i ng ,  coa l  
m in ing ,  pred iction , empir ical  model 
Location (s ) :  Colorado, Rocky Mounta in  Coal 
Reg ion, Un ited States 
Math u r, S .  K . ,  M .  R. M ikki l i nen i .  Prel im inary 
Predictive Model of Subsidence Process Over Room 
and Pi l lar Workings . Phase I .  Defin it ion of Factors . 
Open Fi le Report January 8 1 -Apri l  8 2 .  U . S .  Bureau 
of Mines OFR  68-83,  M R M  Eng ineers, P ittsbu rg h ,  
PA, Apri l 1 982,  1 1 3 p .  { NTIS PC A06/MF A0 1 )  
Th is report identifies a l l  the poss ible activities, 
variables, and factors that contribute to surface 
subsidence over room-and-pi l lar  workings .  The 
su bsidence fa i l u re mechan ism is in itiated by the 
fa i l u re of the mine floor bed and/or the fa i l u re of the 
p i l lars or the fa i l u re of the roof after second m in ing ,  
which eventua l ly brings down the  roof . The in ­
d ividua l  responses of  these components can not be  
attributable to  any s ing le  factor .  Becau se of  the  
lack of field data, no attempt was made to quantify 
the s ign ificance of each of these factors and relate 
it to the ground subsidence .  
Keyword (s) : pred iction,  room-and-pi l lar, 
model ing,  floor stabi l ity, roof stabi l ity, p i l lar  
strength , p i l lar  extraction 
Location (s ) :  Un ited States 
Mau ng,  H .  M . ,  S .  P. Banerjee . I nvestigation into 
Strata Behavior Around an Experimenta l Lon gwal l  
Caving Face in Jharia Coalfield . Journa l  of M ines,  
Meta ls,  and Fue ls ,  v .  24,  n o .  9 ,  September, 1 976 ,  
p .  283-28 9 .  
Keyword (s) :  longwa l l  
Location (s) : I ndia 
Maury, V.  Effondrements Spontanes (Spontaneous 
Subsidence} . lndustrie Minera le,  St .  Etien ne, 
France, v .  6 1 , no.  1 0, 1 979,  p .  5 1 1 -522 . 
Keyword (s} : surface subsidence damage 
Location (s } :  France 
Mautner, K .  W.  Structures in  Areas S u bjected to 
Min ing  Subsidence. I N :  Proceed ings,  2nd 
254 
I n ternationa l  Conference on Soi l  Mechan ics and 
Foundation Eng ineering ,  Rotterdam,  June  2 1 -30, 
1 948, v .  2 ,  p. 1 67- 1 77 .  
This paper covers the mechan ics of m in ing  
su bsidence, the design of  structu res with regard to 
subsidence, and some examples of structu res 
constructed and kept under observation for long 
periods . 
Keyword (s) : surface structura l  damage, 
eng ineering ,  fou ndations 
Mautner, K .  W. Structu res in Areas Subjected to 
M in i ng  S u bsidence . Structu ra l  Eng ineering ,  v. 26,  
n o .  1 ,  1 948 , p .  35-69 . 
Keyword (s) :  surface structu ral damage, 
eng ineering 
Mavrolas, P . ,  M.  Schechtman n .  Coa l  Mine Sub­
sidence :  Proceedings From a Citizen 1 s  Conference . 
The I l l i nois South Project, I n c . ,  Herrin ,  I L, 1 98 1 ,  
45 p .  
This report is  based u pon a c itizen education 
conference on coal mine su bsidence held in  I l l ino is 
on October 1 3 , 1 97 9 .  The goal was to prepare a 
readable and usefu l report for people concerned 
about mine subsidence . 
Keyword (s } :  active mines, abandoned mines, 
economics, surface structu ra l  damage, agricu ltu re, 
structura l  mitigation , land mitigation,  i nsurance,  
coal  m in ing  
Location (s) : I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Maxwel l ,  B . ,  G .  Zin k, F. D. Wang . I mproving Coal 
Mine Roof Stab i l ity by Pi l lar Soften i ng .  U . S .  Bureau 
of M ines OFR 7-78 ,  1 977,  1 05 p .  (NTIS PB 
2 7 6-474) 
Keyword (s} : roof stabi l ity, room-and-pi l lar, roof 
support, p i l lar  strength , y ie ld ing supports, coal  
m in ing  
Location (s) : Un ited States 
Maxwel l ,  G .  M .  Some Observations on the 
L imitations of Geophysical Surveying in Locating  
Anomal ies from Buried Cavities Associated with 
M in ing  in  Scotlan d .  The Min ing  Eng ineer, March ,  
1 975 ,  v .  1 34, n o .  1 70, p .  2 77-285 . 
Keyword (s} : abandoned mines, survey methods, 
geophysical 
Location (s} : Scotland 
Mayer, L .  W .  The Advantage of F lush ing in  Coa l  
M i n in g .  Eng ineering  and Min ing Journa l ,  v .  86,  
1 908,  p .  1 .  
This article discusses advantages of hydrau l ic  
flush ing  over hand stowing ,  and g ives a brief 
h istory and comparison of backfi l l i ng  practices in  
the Un ited States and Europe. 
Keyword (s ) :  hydrau l ic backfi l l i ng ,  coa l m in i ng ,  
h istorical 
Location (s) :  Un ited States, Eu rope 
Mayer, L. W. Sand F i l l i ng in  the I ron M ines of Peine ,  
Germany. Transactions, A I M E, v .  39 ,  1 908,  p .  3 5 5 .  
Hydrau l ic backfi l l i ng  is  used i n  conjunction with 
room-and-pi l lar m in ing . 
Keyword (s} :  hydrau l ic backfi l l i ng ,  room-and­
pi l lar, metal m in ing ,  mu lt iple-seam extraction 
Location (s) :  Germany 
Mayer, L .  W.  Subsidence with Hydrau l ic F i l l i ng  
Hard ly Noticeable at Carmaux, France.  M in i ng  
Methods in  Europe, New York, 1 909,  p .  1 54 .  
This article covers t h e  appl ication o f  hydra u l ic  
backfi l l i ng  to French min ing methods . 
Keyword (s) :  hydrau l ic backfi l l i ng  
Location (s) :  Europe, France 
Mayuga,  M. N. How Subsidence Affects the City of 
Long  Beach . I N :  Proceedings,  2nd G eolog ic 
Conference on Landsl ides and Su bsidence, Los 
Angeles, Cal iforn ia Resou rces Agency, Sacramento,  
1 966, p .  1 22- 1 29 .  
Keyword (s ) :  f lu id extraction 
Location {s ) :  Ca l iforn ia ,  Un ited States 
Mayuga,  M .  N . ,  D. R. Al len . Long Beach 
Subsidence . Eng ineering  G eology in Southern 
Cal iforn ia,  Association of Eng ineering Geologists, 
Los Angeles Section Special  Pu bl ication,  1-966,  
G lendale, CA, p .  280-28 5 .  
Keyword (s) : o i l  extraction ,  fl u id extraction 
Location {s) : Ca l iforn ia ,  Un ited States 
McCa l l um,  T. Minera l  Subsidence and Local 
Authority Services . I nstitute Mun ic ipa l  and County 
Engineers Journa l ,  v .  70, n o .  1 1 , 1 944, p .  
44 1 -422 .  
Keyword (s) : govern ment 
Location (s ) :  Un ited Kin gdom 
McCa l l um,  T. The Maintenance of Roads in  a 
Min ing Area . Journal  of I nter H ighway Eng ineers, v .  
2,  Jan uary, 1 952,  p .  369-3 7 6 .  
Keyword (s) :  roads 
Mccann ,  G. D . ,  C .  H. Wi lts . Mathematical Analys is 
of the Su bsidence in  the Long  Beach-San Pedro 
2 5 5  
Area . Cal iforn ia I nstitute Techn ical Report 1 1 7, 
November, 1 95 1 . 
Keyword{s ) : model i ng ,  mathematical model , 
fl u id  extraction 
Location (s) : Cal iforn ia ,  United States 
McCau ley, C .  A . ,  R .  L .  G u m .  S u bsidence Damage in  
Southern Arizon a .  Hydrology and Water Resources 
in Arizona and the Southwest, v .  2 ,  1 972 ,  p .  
87-94.  
Keyword (s ) : f lu id  extraction 
Location (s) :  Arizona ,  Un ited States 
McCau ley, C. A. Management of Subsid ing Lands :  
An Economic Eva luation . Ph . D .  Thesis, Un ivers ity of 
Arizona,  Tucson , 1 973 ,  84 p. (NT IS  240 305) 
Keyword (s) :  economics, land-use plann ing  
Location (s) :  Un ited States 
McCla i n ,  W. C. Time-Dependent Behavior of P i l lars 
i n  the  Alsace Potash Mines .  I N :  Proceedings 6th 
Symposiu m  on Rock Mechan ics, Un iversity of 
M issouri at Rol la ,  1 964, E . M .  Spokes and C . R .  
Ch ri stiansen,  eds. , p .  489-500. 
This paper describes part of a rock mechan ics 
i nvestigation carried out i n  the potash m ines of the 
Alsace d istrict, France .  One of the basic objectives 
was the understand ing and description of the 
behavior of long p i l lars of potash with respect to 
t ime and the manner in  which they perform their 
tas k  of s upporting  the overlyin g  strata . 
Keyword (s) : p i l lar  strength , non-metal m in ing ,  
t ime factor, rock mech an ics 
Location (s ) :  France 
McCla i n ,  W. C. Su rface Su bsidence Associated 
with Longwal l  M in i ng .  Transactions, AI ME,  v. 235,  
1 966,  p .  23 1 -23 5 .  
Th is paper examines characteristics of 
su bsidence due to longwa l l  m in ing  and. resu lt ing 
damages to su rface structures . A general review of 
subsidence mechan ics and protective measures 
used to m in im ize damage to surface structures is 
inc luded . 
Keyword (s ) :  vertical d isplacement, horizonta l  
d isp lacement, surface structu ra l damage, longwal l  
Location (s ) :  Un ited States 
McCol loch , J .  S . ,  R .  F. Fonner, C. P. Messina . BOM 
Mine S u bsidence Study, Fa irmont, West Virg in ia ,  
Core Dri l l i ng  Report .  West Virg in ia Geological  and  
Economic Su rvey Open Fi le Report OF80 1 2 , 
September, 1 980, for U . S .  Bureau of M ines,  54 p .  
The eva luation of information obta ined from 
core dr i l l ing was u ndertaken by the West Virg in ia  
Geological and Economic Su rvey to  ass ist the  
USBM in  their study of  mine subsidence . The 
dr i l l ing program was in i tiated to determine  the 
effect of deep min ing on the integrity of the over­
burden above the extensively m ined Pittsburgh coal 
seam .  
Keyword {s) :  overburden,  coa l m in i ng ,  rock 
mechan ics, geologic featu res, p i l lar  strength , floor 
stabi l ity 
Location {s) : West Virg in i a ,  Appalach ian Coal 
Reg ion,  Un ited States 
McCoy, A. E. R. Longwa l l  M in ing at Appin Col l iery . 
I N :  Annua l  Conference, Austra las ian I nstitute of 
Min ing  & Meta l lurgy, May, 1 976 ,  p. 1 95-207 . 
Keyword {s ) :  longwal l ,  coal m in ing  
Location {s) : Austra l ia  
McCreedy, J . ,  W. J .  Taylor. The Use of Hydra u l ic 
F i l l  Underground at the M ines of the I nternationa l  
N ickle Company of  Canada,  Limited . Canadian 
Min ing  Journa l ,  v .  8 1 ,  no .  9 ,  September, 1 960, p .  
95- 1 03 .  
Th is deta i led article discusses complete 
hydrau l ic f i l l ing operations in th ree m ines .  
Keyword {s) : hydrau l ic backfi l l i ng ,  meta l m in i ng  
Location (s) :  Canada 
McCu l loch , C. M . ,  M. Deu l .  Geological Factors 
Caus ing Roof I nstabi l ity and Methane Emission 
Problems .  U .S . Bu reau of Mines RI  7769,  1 973,  
25 p .  
Keyword (s) : roof stabi l ity, g round  contro l ,  
geolog ic features, coa l  min ing 
Location {s) : Un ited States 
McCu l loch , C. M . ,  P. W. Jeran ,  C .  D .  Su l l ivan . 
Geological I nvestigations of Undergrollnd  Coal 
Mining Problems .  U .S . Bu reau of M ines RI  802 2 ,  
1 975,  30 p .  
Keyword {s) : roof stabi l ity, g round contro l ,  
geologic featu res, coal m in ing  
Location (s ) :  Un ited States 
McCu l loch , C. M . ,  W. P. Diamond, B. M .  Bench ,  M .  
Deu l .  Selected Geologic Factors Affecting  M in i ng  of 
the Pittsburgh Coalbed . U . S .  Bureau of M ines R I  
8 1 1 6, 1 976, 1 9  p .  
Keyword (s ) :  roof stabi l ity, g round control 
Location (s } :  Pennsylvan ia ,  Appalach ian  Coal 
Region , Un ited States 
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McDougal l ,  J. J. Longwal l  Operations, Sydney 
M ines, N . S .  Transactions of the Candian I nstitute of 
M in i ng  and Meta l l u rgy and the M in ing  Society of 
Nova Scotia ,  1 925 ,  Montrea l ,  Quebec. 
The object of th is paper is to point out the 
reason for the adoption of longwa l l  methods in  the 
m ines discussed  and to g ive a true account of 
resu lts that attended the efforts of those 
concerned . 
Keyword (s) : longwa l l ,  coal m in ing  
Location (s) : Canada 
McKim,  M .  J . ,  A.  Shakoor.  An I nvestigation of Mine 
S u bs idence I ncidents in Selected Areas of 
Mad isonvi l le,  Kentucky .  I N :  Mine Subsidence -
Prediction and Control ,  Nationa l  Sympos ium,  33rd 
Annua l  Meetin g  Association of Eng ineering  
G eolog ists, October 2 -3 ,  1 990, C .D .  E l ifrits , ed . ,  
P ittsburgh ,  PA, p .  2 7 1 -28 6 .  
During  t h e  past several decades, n umerous 
houses and commercial bu i ld ings in  and around  
Madisonvi l le ,  Kentucky,  h ave experienced extens ive 
structu ra l damage due to mine su bsidence . Su rface 
and subsurface investigations were conducted at 
fou r selected s ites to eva luate possible subsidence 
mechan isms . 
Keyword (s) : su rface structural damage, coal 
m in i ng ,  overbu rden , rock mechan ics, geologic 
features, abandoned mines, pi l lar strength , roof 
stabi l ity, geotechn ica l ,  lab testing ,  eng ineering  
Location (s) :  Kentucky, I l l inois Coal Bas in ,  
Un ited States 
Mclel lan , A. G .  The Lin i ng  with Rubber of a Large 
Service Reservoi r  Damaged by Min ing  Subsidence . 
Journa l  ! 'nstitute Water Eng ineers, v .  9 ,  n o .  1 ,  
1 95 5 ,  p .  1 9-50.  
Keyword (s) :  su rface structural damage,  surface 
water, structu ra l  m itigation 
Location (s) :  Un ited Kingdom 
McMahan ,  T .  J . ,  W. G .  Pariseau . A Comparison 
Between Two- and Th ree-Dimensional  Nu merica l 
Models of a Coeur  d 'Alene District Mine .  I N :  Rock 
Mechan ics as a G u ide for Efficient Uti l ization of 
Natural Resou rces, Proceedings 30th U .S . 
Symposiu m ,  1 9 89 ,  A.W . Khair, ed . ,  Balkema, 
Rotterdam, p. 9 63-970.  
Th is USBM study describes the development of 
a l a rge-sca le,  th ree-d imensiona l ,  f in ite-element 
model of a deep-vein  Coeur  d 'Alene District M ine .  
The three-d imensiona l  model was prepared from 
combined d ig it ized mine maps and generated levels 
that may also be ana lyzed as independent two-
d imensional  models . A comparison of the stress 
changes and disp lacements was made fol lowing  
a s imu lated vein excavation in both the th ree­
d imensional  and two-d imensional  models . A one-cut 
excavation was s imu lated with the two-d imensiona l  
model and a mu lti ple-cut excavation was s imu lated 
with the th ree-d imensional  model . The resu lts from 
the two analyses are dicussed in terms of the 
inherent d ifferences between the models . 
Keyword (s) :  model i ng ,  fi n ite e lement, metal 
m in ing  
Location (s) : Idaho,  Un ited States 
McMi l l an ,  A. A . ,  M .  A. E. Browne .  The Use or 
Abuse of Thematic Min ing  I nformation Maps .  I N :  
Plann ing  and Engineering  G eology, Proceedings 
22nd Annua l  Conference, Eng ineering G rou p of  the 
Geological Society, Plymouth Polytechn ic ,  
September 8- 1 2, 1 986,  M . G .  Cu lshaw, et  a l . ,  eds . ,  
The Geological Society, London,  1 987 ,  p .  237-245 . 
Thematic and environmenta l geology mapping 
has been app l ied in  recent years by the Britis h  
Geological Survey . Experience in Scotland i nd icates 
that the separate portrayal of particu lar  aspects of 
the drift and solid geology, former u n derground 
m in ing ,  and geotechn ica l  properties are of  greatest 
benefit to p lan ners and civi l engineers concerned 
with land use and ground stab i l ity . 
Keyword (s ) :  coal m in ing ,  abandoned mines, 
land-use plan n ing ,  engineering ,  geologic features 
Location (s) :  Scotland,  Un ited Kingdom 
McNabb, K. E .  Th ree-Dimensional  N u merical 
Model l ing of Surface Subsidence I nduced by 
Un derground M in i ng .  Commonwealth Scientific and 
I n dustria l  Research Organ ization , Austra l ia ,  
Tech n ical Report No .  1 46,  Ju ly 1 987 ,  20 p .  
Th is report presents th ree-d imensiona l  
nu merical ana lyses of  the  su rface su bsidence 
i nduced by the total extraction of a longwal l  panel . 
The fin ite element and d isplacement contin u ity 
stress ana lysis methods were used to obta in  l i near  
elastic solutions for  an ideal ized su bsidence 
problem .  Subsidence profiles are presented for a 
n u mber of panel  length to width ratios and for a 
range of an isotropic materia l  va lues .  Model 
predictions show that for the geometry modeled , a 
5 : 1 ( len gth to width ) aspect ratio produces resu lts 
equ iva lent to a two-d imens iona l  ideal ization . The 
aspect ratio comparison was made us ing a l inear  
elastic isotropic material model . The resu lts a lso 
show that an isotropic are better than isotropic 
materia l models i n  producing  a c loser f it  to 
observed subsidence profi les .  
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Keyword (s ) :  model ing ,  longwall ,  f in ite e le­
ment, geologic featu res, mine des ign,  computer, 
subsurface water, hydrology, coal m in ing ,  
overbu rden 
Location (s} :  Austra l ia  
McTrusty, J .  W .  Control of  Min ing  Subsidence . 
Col l iery Eng ineeri ng ,  v .  3 6, no .  42 1 ,  March , 1 959 ,  
p .  1 22- 1 2 5 .  
Keyword (s) :  g round  control 
McVey, J .  R .  Mechan ical  and U ltrasonic Closure­
Rate Measurements . I N :  Proceed ings, 2nd 
Conference on G round Control Problems in the 
I l l i no is  Coal Basi n ,  May 1 985 ,  Y. P .  Chugh ,  ed . ,  
South ern I l l i nois Un iversity, Carbondale, p .  9 1 -9 7 .  
The US BM constructed two intr insical ly safe 
c losu re rate measurement instru ments that provide 
an  a id  for  predicting  an imminent local roof caving  
dur ing  p i l l a r  robbin g .  Th is  improves operator and 
mach ine  safety and reduces the  incidence of getti ng 
equ i pment caught  i n  the caved area . One instru ­
ment system consists o f  two rugged retrievable 
extensometers connected by long electrical cables 
to a d ig ita l  readout u n it for reading closure and 
c losure rate . The Bureau is  a lso evaluating a smal l  
u ltrason ic u n it to make these measu rements . The 
n ew instru ment provides an u nobstructing  tech­
n ique  to obtain measurements u p  to 35 feet . The 
u ltrasonic transducer can be attached to a roof bolt, 
tossed i nto an  unsupported area, or handheld . 
Keyword {s } :  roof stab i l ity, h igh-extraction 
retreat, room-and-pi l lar,  p i l l ar  extraction,  m ine  
safety, g rou nd  control 
Location (s } :  Utah ,  Un ited States 
Meade, R. H .  Compaction of Sediments Underlying 
Areas of Land S u bsidence in  Central Cal iforn i a .  U . S .  
Department o f  t h e  Interior, Geological Survey, 
Professional  Paper 497-D, 1 968,  39 p .  
Keyword (s } :  f lu id extraction,  geologic featu res 
Location {s} : Cal iforn ia,  Un ited States 
Meador, S .  Regu lation of Su rface Subsidence in 
West Virg i n i a .  I N :  Proceedings, 2nd  Workshop on 
Su rface S u bsidence Due to Underground  Min ing ,  
Morgantown,  WV, June  9- 1 1 ,  1 986,  S .S .  Peng ,  
ed . ,  West Virg in ia  Un ivers ity Department of  M in ing 
Eng ineeri ng ,  p .  6-8 .  
West Virg i n ia ' s  coa l m in ing regu latory programs 
are not u n ique  when compared to federa l ly 
approved programs implemented by other coa l 
produc ing states . I n  fact, the language in the West · 
Virg i n ia Energy Act govern ing subsidence mirrors 
that written in the Federal S u rface M in ing  Control 
and Reclamation Act and other state statutes . 
Certa in legal and admin istrative issues, h owever, 
combine to make West Virgin ia ' s  regu lation of 
surface su bsidence a s ingu lar approach . 
Keyword (s) :  coal m in ing ,  law, government, 
mu ltiple-seam extraction , active m ines,  longwal l ,  
room-and-pi l lar  
Location (s) :  West Virg in ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Meh nert, B. B . ,  D. J .  Van Roosendaa l ,  R. A. Bauer, 
D .  F .  Brutcher .  Effects of Longwal l  Coal M ine  
Subsidence on Overbu rden Fractu r ing and  
Hydrology in I l l ino is .  IN :  Mine S u bsidence -
Pred iction and Contro l ,  Nationa l  Sympos ium,  33rd 
An nua l  Meeting ,  Association of Eng ineer ing 
Geologists, October 2-3, 1 990, C . D .  E l ifrits, ed . ,  
Pittsburg h ,  PA, p .  1 05- 1 1 0. 
S ites over two longwal l  panels in southern 
I l l inois were instrumented and characterized before 
and after su bsidence to study the effects of coal­
mine subsidence on the overbu rden . G eotech n ical 
instrumentation inc luded survey monu ments,  
piezometers, t ime domain  reflectometry cables, and 
a pump test wel l .  
Keyword (s) : longwal l ,  coal m in ing ,  active 
mines, overburden , geologic featu res, geotech n ica l ,  
instrumentation , mon itoring methods, mon itor ing 
equ ipment, su rvey methods, survey data 
processing,  subsurface water, hydrology, 
geophysica l ,  rock mechan ics 
Location (s} : I l l i nois,  I l l i nois Coal Basi n ,  Un ited 
States 
Meh nert, B. B . ,  D. J .  Van Roosendaa l ,  R .  A. Bauer .  
Long-term Subsidence Mon itoring Over a Lon gwal l  
Coa l  Mine in Southern I l l i no is .  I N :  Proceedings Th i rd 
Workshop on Surface Subsidence Due to 
Underground Min ing ,  June  1 -4, 1 992 ,  S . S .  Peng ,  
ed . ,  Morgantown, WV, p .  3 1 1 -3 1 6 . 
Long-term mon itorin g  is necessary to 
successfu l ly develop predictive su bsidence models . 
Thus,  the I l l i nois Mine Su bsidence Research 
Program has documented subsidence over a 
longwa ll mine in south-central I l l inois throughout  a 
3-year period . No mon itor ing resu lts of th is  du ration 
have been previously pu bl ished for longwal l  m in i ng  
in I l l i nois . 
Keyword (s) :  mon itori ng methods, longwa l l ,  coal 
m in ing ,  active mines, overburden , vertical 
d isplacement, survey methods, pred iction,  
instru mentation 
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Location (s) : I l l ino is, I l l i nois Coal Basin ,  Un ited 
States 
Meh nert, B. B . ,  D. J. Van Roosendaal ,  R. A. Bauer, 
D. Barkley, E. Gefel l .  F ina l  Report of Subsidence 
I nvestigations Over a H igh-Extraction Retreat Mine 
i n  Wi l l i amson Cou nty .  F ina l  Report to U .S . Bu reau 
of M ines-Twin C ities Research Center on Contract 
C026700 1 , by I l l i nois State Geological Su rvey, 
Champa ign , I L, January 1 993,  9 1  p .  
T o  investigate the effects o f  h igh-extraction 
retreat (HER )  m in ing  on the overbu rden , two 
instru ment c lusters were placed over an H E R  panel 
in Wi l l iamson Cou nty, I l l i no is .  The effects inves­
tigated inc luded the amou nt, extent, and location of 
fractu r ing in the bedrock.  The effects on the local 
hydrogeology were a lso eva luated . The instruments 
inc luded surface monuments,  piezometers, ex­
tensometers, and two time-domain reflectometry 
cables . The panel  was mon itored before, dur ing and 
after subsidence by the !SGS . Th is was the fi rst 
t ime such information was col lected over an H ER 
operation in I l l i nois . This is one of th ree s ites inves­
tigated u nder the I l l ino is M ine  Su bsidence Research 
Program to study the effects of m in ing  on the 
overbu rden . 
Keyword (s) : h igh -extraction retreat, active 
m ines,  i nstru mentation,  mon itoring methods, 
overburden , subsurface water, monitori ng  
equ ipment, geotech n ica l ,  lab test ing 
Location (s) : I l l inois, I l l inois Coal  Bas in , Un ited 
States 
Meier, D. G .  The G a latia Paleochannel and G round 
Stab i l ity at  the  Wabash M ine .  I N :  Proceedings, 2nd  
Conference on G round Control Problems in  the 
I l l i nois Coal Bas in ,  May 1 985,  Y. P .  Chugh ,  ed . ,  
Southern I l l i nois University, Carbondale, p .  1 9-27 .  
M in ing  nea r  the  ancient Galatia paleochannel at 
the Wabash M ine  h as exposed a variety of m in ing  
condition s .  I n  th is  paper, the physical charac­
teristics of the accompanying  features and their 
inf luence on ground stabi l ity are described . The 
procedu res that have been successful  in a l leviating  
the m in ing  problems are d iscussed . 
Keyword {s) : coal m in ing ,  geologic features, 
m ine  design ,  roof su pport, roof bolting ,  g round 
control 
Location (s } :  I l l i nois, I l l i nois Coa l Basin ,  Un ited 
States 
Meikle,  P. G . , C. T. Hol land .  The Effect of Friction 
on the Strength of Model Coal P i l lars .  Transactions, 
S M E-AI M E, December, 1 965, p.  322-327 .  
Laboratory experiments were performed on 
model coa l p i l lars in which the p i l lars were l u bri­
cated at the plate-specimen interface prior to 
compression tests . 'The purpose of l u brication 
was to determ ine the effect on the u lt imate u n it 
compressive strength of coa l p i l lars in relation to 
frictional  forces � 
Keyword (s ) :  lab testin g ,  coal m in i ng ,  p i l lar  
strength 
Location (s} : Un ited States 
Merri l l ,  R. H . , T. A. Morgan .  Method of Determ in i ng  
the  Strength of  a Mine Roof. U .S . Bureau of  M ines 
R I  5406, 1 958 . 
The strength of a mine roof was tested by 
injecting  a i r  between the roof rock and the 
overlying layers, and measur ing the strai n  and  
deflection of  the roof unti l  fa i l u re .  
Keyword{s) : roof support, roof stab i l ity, i n  s itu 
test ing 
Location (s} :  Un ited States 
Michael Baker, J r . ,  I nc .  Arch itectura l  Measures to 
Min imize Subsidence Damage . Appalach ian 
Reg ional  Commission Report ARC-73- 1 1 1 -255 1 ,  
December, 1 974, 1 30 p .  (NTIS PB 242 466} 
The pu rpose of th is pub l ication is to provide 
gu idel ines, princ iples, and criteria to enable the  
arch itectu ral and engineering  professions to  design 
and construct bu i ld ings,  structures, and u nder­
ground ut i l ities to min imize subsidence damage.  
Keyword (s ) :  arch itectu re,  eng ineering ,  su rface 
structu ral damage, coal m in ing ,  p ipe l ines, l iteratu re 
search,  uti l ities, fou ndations 
Location (s) :  Pen nsylvan ia ,  Appa lach ian Coal  
Reg ion,  Un ited States 
Michael  Baker Jr . ,  I nc .  A Comprehensive Program 
for Deal ing with Mine Subsidence . Appalach ian 
Regiona l  Commission Report ARC-73- 1 63-2559 ,  
1 97 6 .  
Keyword (s ) :  surface structural damage, land­
use plann ing ,  coal  m in ing  
Location (s) :  Appalach ian Coa l  Reg ion ,  Un ited 
States 
Michael  Baker, Jr . , I nc .  Subsidence and M in ing  
Related Problems, Summary of  Research Program .  
Appalach ian Regional  Commission Report 
ARC-73 1 63-2259-S ;  Apri l 1 977 ,  46 p .  (NTIS PB  
272 724) 
Keyword (s} : subsidence research ,  coa l m in ing  
Location (s ) :  Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
2 5 9  
Michael ,  P .  R .  S u bsidence Over Abandoned 
Bitu minous  Coal Mines in the Appalachian Coal 
Basin ;  An Ana lysis of Subsidence Parameters and 
Th ree Case Studies . M . S .  Thesis, State Un iversity 
of New York, Binghamton ,  1 984. 
Keyword {s) : abandoned m ines, coal m in ing ,  
b itu minous 
Location (s} :  Appalach ian Coa l  Region 
Michae l ,  P. R . ,  A. S .  Lees, T .  M .  Cranda l l ,  J. L. 
C raft .  Control led G rout Columns :  A Point-Su pport 
Techn ique  for Subsidence Abatement. I N :  
Association of Eng ineering  Geologists Symposiu m  
Series No . 4 ,  Bu i ld ing Over Underground Mines-­
S ubsidence Considerations, October 1 987 ,  p .  
1 1 1 - 1 25 .  
M ixtu res of fly ash , sand,  gravel ,  and cement 
a re common ly used to f i l l  abandoned room-and-pi l lar  
coal  m ines to prevent or abate surface subsidence 
due to m ine  void closure .  However, the large 
volu me of materia l  requ i red to provide support to 
the m ine  p i l l a rs, overlying strata , and surface 
fac i l ities is  extremely costly . Control led placement 
of the mater ia l  and sufficient roof contact are often 
d ifficu lt  to ach ieve . To maxim ize control of the 
imp laced mater ia l  and improve roof contact, a 
method for the remote construction of cyl indrical 
col u m n s  with i n  the mine void h as been developed . 
Keyword (s ) :  g routing,  reclamation , abandoned 
mines ,  room-and-p i l lar, coa l min ing 
Location (s ) :  Oh io, United States 
Micha lsk i ,  S .  R . ,  L. J .  Winschel ,  R. E. G ray. F i res in 
Abandoned Coal M ines . Bu l letin of the Association 
of Eng ineering  Geologists, November 1 990, p .  
479-495 .  
Case h istories of m ine  f ire projects i n  
Pennsylvan ia ' s  anthrac ite and bituminous coa l fields 
demonstrate successfu l extingu ish ment by uti l i z i ng  
a combination of  m itigation tech nologies . 
Keyword (s) : m ine  fi res, abandoned mines, coa l 
m in i ng  
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Mickle,  D .  G . , H .  L. Hartman . Permeabi l ity and 
Compressib i l ity Tests Aid in  Selecting  S u itable 
Hydrau l ic  Fi l l  Materia ls .  M in ing  Eng ineering ,  v. 1 3 , 
no .  1 1 , November, 1 96 1 , p .  1 246 . 
Th is  article describes the procedu re for 
determin i ng  the particle s ize distribution and 
composition necessary for maximum support of 
rock strata overlying  mined-out areas.  
Keyword (s) : hydrau l ic backfi l l i ng ,  geotechn ica l ,  
lab testing 
Location {s) : Pennsylvan ia ,  Appalach ian Coal  
Region , Un ited States 
Mickle, D. G . ,  Jr. The Permeabi l ity of Hydra u l ic  F i l l  
Materia ls .  M . S .  Thesis,  Department of M in i ng ,  The 
Pennsylvan ia State Un ivers ity, 1 96 1 . 
Keyword (s) :  hydrau l ic backfi l l i ng  
Location {s ) :  Un ited States 
Mievi l le ,  A. Ground Eng ineering and the Support of 
Unstable Grou nd .  Civi l Eng ineering and Pub l ic  
Works Review, v .  66, no .  782 ,  September, 1 97 1 ,  
p .  953,  956-957 . 
Keyword {s) : engineering ,  ground control 
Miku la ,  P. A. , G .  E .  Holt .  Prediction of M ine  
Su bsidence in  Eastern Austra l ia  by Mathematica l  
Model i ng .  IN :  Proceed ings,  5th I nternationa l  
Congress on Rock Mechan ics, Melbou rne, Austra l ia ,  
1 983,  p .  E 1 1 9-E 1 25 . 
F in ite element model ing  of subsidence due  to 
coal extraction in Eastern Austra l ia is described 
under certa in l im it ing conditions .  A systematic 
means of data acqu isition and hand l ing  was 
developed to provide real istic input  for the geo­
tech n ical model . The constant stra in  f in ite e lement 
program requ i res large, carefu l ly designed meshes 
and empirical reduction of laboratory strength 
properties . Anisotropy needs to be considered 
for coa l measu res strata . The inc lusion of joint 
elements improves subsidence s imu lation but is  
not essentia l  for genera l ized pred iction . Examples 
of successful  model ing at sha l low depths a re 
discussed . 
Keyword (s) : pred iction ,  mathematical model ,  
rock mechanics, fin ite e lement,  coa l m in ing ,  
model i ng ,  geotech n ical ,  computer, l ab  testing  
Location (s) : Austra l ia 
Mi lford, K.  S.  Su rvey Tech n iques for the Ana lys is of 
Movement. I N :  Proceedings,  SANGO R M  
Sympos ium,  October 2 1 ,  1 986,  Sandton ,  South 
Africa, I nternational  Society for Rock Mechan ics, 
South African National  G roup,  p. 7- 1 1 .  
The requ i rements for su rvey networks relating  
to  mon itoring projects are outl ined . A review is  
g iven of  some methods cu rrently appl ied inter­
nationa l ly.  The problems of invar iant quantities and 
b iased estimates are detai led for  free net adj ust­
ments and the selection of stable points from the 
geometric stabi l ity of the networks as characterized 
by ang les and length ratios is d iscussed . 
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Keyword (s) : su rvey des ign,  survey methods, 
su rvey data process ing,  mon itori ng  methods, 
i nstru mentation ,  model i ng ,  empir ical model , 
mathematica l model,  stochastic model,  
geotech n ica l ,  computer 
Location (s) : South Africa 
M i l ler, C. H .  Geophysical  Studies to Detect the 
Acme Underground  Coal Mine, Wyoming .  U . S .  
G eological  Su rvey Bu l letin 1 677 ,  1 988 ,  2 7  p .  
Adequate location maps are not avai lable for 
some of the older underg round coa l mines in  the 
Powder R iver Bas in ,  Wyoming,  nor for mines in 
other parts of the Un ited States . These mines may 
subside and cause damage. at the grou nd surface, 
or they may spontaneously ign ite and consume coc:fl 
deposits, pol luti ng  a i r  and water.  Consequently, 
tec h n iques a re needed for locatin g  those potentia l ly 
h azardous coal mines .  
Keyword (s) : geophysica l ,  coa l  m in ing ,  
abandoned mines, mine f ires, seismic, land-use 
p lann ing ,  subsurface water, h i storica l ,  geologic 
features 
Location (s) :  Wyoming,  Rocky Mou nta in  Coal 
Reg ion,  Un ited States 
M il ler, E. H . , F .  L. Pierson .  Underground Movement 
and S u bsidence over Un ited States Potash 
Company Mine. S M E-AI M E  Preprint 58 1 9 P9,  1 958 ,  
3 p .  
Keyword {s) : non-metal m in ing ,  subsurface 
subsidence damage, surface subsidence damage 
Location (s) : Un ited States 
M i l ler, H .  D .  S . ,  M .  A. Stoakes . Subsidence 
Associated with Lou is iana Sa lt Domes . I N :  Pro­
ceed ings,  Canada I nstitute of Min ing  Conference on 
S u bsidence in  Soft Rock Min ing ,  Saskatoon , 
Saskatchewan ,  1 985 ,  20 p .  
Keyword (s) :  non-metal m in ing  
Location (s) :  Lou is iana ,  United States 
Mi l ler, M .  J . ,  R. E. Panton , J. R. Steid ing . A 
Comprehensive Program for Dea l ing  with Mine 
S u bsidence Emphasiz ing Local Government Options .  
Appalach ian Regiona l  Commission Report 
ARC-73- 1 63-2559 ,  1 97 6, 1 56 p .  
Th i s  report defines and eva luates potential  
su bsidence risk and mitigation measures with in  the 
fou r anth racite coalf ie lds of northeastern 
Pen nsylvan ia with an emphasis on an eva luation of 
s u rface (e .g . ,  land use)  and subsurface (subsidence 
potentia l )  conditions .  
Keyword (s } :  i nsurance ,  surface structu ral 
damage, mine design ,  land-use plann ing ,  law, 
structu ra l m itigation,  land m itigation,  anth racite, 
coal m in ing ,  government 
Location (s} : Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Mi l ler, R. E. Compaction of An Aqu ifer System 
Computed from Consol idation Tests and Decl ine in  
Artes ian Head . U . S .  Department I nterior, Geological  
Survey Professiona l  Paper 424-8, G eological  Su rvey 
Research 1 96 1 ,  p. 854-858 .  
Keyword (s ) :  f lu id extraction,  hydrology 
Location (s) : Un ited States 
Mi l ler, R. E. Land S u bsidence in Southern Ca l iforn ia . 
Eng ineering Geology in Southern Ca l iforn ia ,  
Association Eng ineering  Geolog ists, Los Angeles 
Section Special Publ ication,  G lenda le,  CA, 1 966,  p .  
272-2 7 9 .  
Keyword (s) : f lu id extraction 
Location (s) : Cal iforn ia ,  Un ited States 
Mi l ler, R. E . ,  J .  H .  G reen , G .  H .  Davis . Geology of 
the Compacting Deposits in the Los Banos­
Kettleman City Subsidence Area , Cal iforn i a .  U . S .  
Department I nterior, Geological Su rvey Professiona l  
Paper 497-E, 1 97 1 ,  46 p .  
Keyword (s} : flu id extraction ,  geologic features 
Location (s} : Cal iforn ia ,  Un ited States 
Mi l l iken ,  B. E. Coal Mine S u bsidence S u rveys, 
l l lawarra Encampment, New South Wales Austra l ia . 
I N :  Proceed ings 3 rd Canadian Sympos ium on 
Mining Surveying  and Rock Deformation 
Measu rements, Sudbury, Ontario, October 1 0- 1 2 , 
1 979 , Canadian I nstitute Su rveyors, p .  87- 1 24.  
Th is  paper deta i ls the survey work performed 
for a su bsidence mon itor ing project . 
Keyword (s) :  mon itoring design ,  mon itoring  
i nsta l lation , mon itoring equ ipment, su rvey methods, 
survey equipment, survey data processing,  
computer, coa l  m in ing  
Location (s) : Austra l ia  
Mi l ls ,  C .  E .  Ground Movement and S u bsidence at 
the Un ited Verde Mine .  Transactions,  A I M E ,  v .  1 09 ,  
. 1 934, p .  1 53- 1 72; a lso AI M E  Tech n ical Pub l ication 
No . 55 1 ,  1 934, 2 1  p .  
Keyword (s) :  su rface su bsidence damage 
Location (s) :  Un ited States 
Mind l ing,  A. L. A Summary of Data Relati ng  to Land  
Subsidence in Las Vegas Val ley. Un iversity of 
26 1 
Nevada,  Desert Research I nstitute, Center Water 
Resources Research ,  Reno, 1 97 1 ,  55 p .  
Keyword (s) :  flu id extraction 
Location (s) : Nevada, Un ited States 
M ines and M inera ls . Method of Supporting Mine  
Roofs . v .  32 ,  1 9 1 2 , p .  279-28 1 ,  402-403 . 
Th is is a d iscussion of the patent of Wi l l iam 
G riffith coverin g  the method of making waste to f i l l  
i n  the gob by blasting  down the roof and/or blasting 
up the f loor.  
Keyword (s) :  roof su pport 
M ines and  M inera ls .  F lush ing or S i lting  of Mine 
Workings .  v .  3 2 ,  1 9 1 2 , p .  32 1 -3 8 5 .  
T h i s  article d iscusses hydrau l ic injection of 
cu lm in 1 886  to prevent subsidence of anthracite 
workin gs under the city of Shenandoah ,  Pen n­
sylvan i a .  
Keyword (s) : hydrau l ic backfi l l i ng ,  anth racite, 
coal m in i ng ,  m ine  waste 
Location (s} :  Pen nsylvan ia ,  Appalach ian Coa l 
Reg ion ,  Un ited States 
M ing-Gao,  C. A Study of the Behaviou r  of Overlying 
Strata in  Lon gwa l l  Min ing and its Appl ication to 
Strata Contro l .  I N :  Strata Mechan ics, Proceedings 
of the Sympos ium,  University of  Newcastle-u pon­
Tyne,  Apr i l ,  1 982 ,  l .W .  Farmer, ed . ,  Elsevier, New 
York, p. 1 3- 1 7 .  
The objective of th is investigation was to 
describe the behavior of strata above a longwal l  
face th rough  a study of  the movement of  inter­
strata p lugs  in  a longwa l l  working  area . The 
investigations were conducted in  the Dai-Tu n coal 
m ine ,  Province J iangsu,  Ch ina . By analyz ing  the 
su bsidence curves of the overlying strata, a 
structural  model was constructed to examine the 
behavior of the strata . Some of the phenomena of 
ground su bsidence and roof pressure in the longwal l  
m in ing can be expla ined us ing th is model .  
Keyword (s) :  longwal l ,  overbu rden , model i ng ,  
roof stabi l ity, mu ltiple-seam extraction,  floor 
stabi l ity, vertica l  d isplacement, horizontal 
d isp lacement 
Location (s ) :  Ch ina  
M in i ng  Magaz ine .  S lope F i l l i ng  on Rand .  v .  1 0, May, 
1 9 1 4, p. 3 7 6 .  
Th is a rticle describes hydrau l ic backfi l l i ng  of a 
gold m ine  i n  South Africa to a l low pi l lar  remova l .  
Keyword (s) :  hydrau l ic  backfi l l i ng ,  meta l m in ing ,  
p i l l a r  extraction 
Location (s) : South Africa 
Mishra ,  G . ,  R .  L. G rayson .  An Eng ineering  Ana lysis 
of "Squeeze" Fa i l u re of P i l lars in  the Pittsburg h  
Coal Bed . I N :  Proceedings 1 st Annua l  Conference 
on Ground Control in M in ing ,  Ju ly 27-29, 1 98 1 ,  
S . S .  Peng,  ed . ,  West Virg in ia Un iversity, 
Morgantown , p. 1 44- 1 53 .  
I n  mid- 1 979 ,  J&L Steel Corporation ex­
perienced rapid fa i l u re of p i l lars after on ly 2 weeks 
of operation with a combination of fu l l  retreat and  
partial m in ing . Th i s  paper describes the develop­
ment of the squeeze, presenting  the resu lts of 
ana lyses of the condition and i l l ustrating  its pro­
gression over time through the use of maps .  A 
general d iscussion of future m in ing  p lans near  the 
squeeze area are also ana lyzed . 
Keyword (s) :  coal m in ing ,  eng ineering ,  p i l l a r  
strength , grou nd contro l ,  m ine desig n ,  partia l  
extraction ,  h igh-extraction retreat 
Location (s) :  Pennsylvan ia ,  Appalach ian Coal  
Region , Un ited States 
Misich , I . ,  A. Evans, 0. Jones . G roundwater Control 
and Strata Investigations to Allow Tota l Extraction 
of  Coa l by Underground Methods in  the Co l l ie  Basin 
(Western Austra l ia } .  I N :  Proceedings 4th I nter­
national Mineral Water Association Congress, 
Ljub ljana (S lovenia) -Portschach (Austria ) ,  
September 1 99 1 ,  p .  1 3 1 - 1 47 .  
A research program h as been u ndertaken to 
eva luate the effect of total extraction of coa l by 
underground methods on su perimposed aqu ifer 
systems in the Col l ie Basin sediments, Western 
Austra l ia . The research program h as i ncorporated 
comprehensive field monitorin g  of surface and 
subsurface su bsidence and grou ndwater leve ls 
along with empirical model i ng  techn iques .  Resu lts 
have identified that ground cu rvature can be u sed 
to predict--ahead of min ing--the l ikely impact on 
the Permian sediments and potential  water inflow 
i nto the m ine .  Research is conti n u in g  on develop­
ment of th is approach using more soph isticated 
model ing techn iques, inc lud ing d isp lacement 
d iscontinu ity bou ndary element mathematical 
models and centrifuge model ing . Early resu lts 
ind icate both methods have good appl ication 
to the su bsidence processes noted in the Col l ie  
Bas in . 
Keyword (s) :  subsurface water, hydrology, coal 
m in ing ,  model ing,  mon itoring methods, bou n dary 
element, empirical model, math ematica l  model ,  
physical model ,  inflow 
Location (s) :  Austra l ia  
M issavage, R .  J . ,  Y. P .  Chugh ,  T .  Roscetti . Sub­
s idence Pred iction in Sha l low Room-and-Pi l lar  
M ines .  I N :  Proceedings 2nd Conference on G round 
Control Problems in  the I l l i nois Coal Bas i n ,  May 
1 98 5 ,  Y. P .  C h u g h ,  ed . ,  Southern I l l inois Univers ity, 
Carbondale,  p .  1 46- 1 50 .  
A mathematical model was developed us ing 
the relative flexura l  stren gth of  the strata overlying 
a coal seam to pred ict the vu lnerabi l ity of sha l low 
room-and-p i l lar  m ined areas to subsidence . The 
model assu mes the fa i l u re of the immediate roof 
as the precu rsor of a subsidence event in sha l low 
room-and-pi l lar  mines . After . the roof fa i ls ,  either a 
s ink  ho le subsidence event develops if the un­
consol idated materia l  is th in  and dry; or a sub­
s idence trough forms if the unconsol idated materia l  
is  th ick and wet . 
Keyword (s) : coal m in ing ,  prediction , room-and­
p i l lar, mathematica l model,  model ing ,  land-use 
p lann ing ,  abandoned mines, active mines, mine 
design , overburden ,  geologic features 
Location (s) : I l l i nois,  I l l inois Coal Basin , Un ited 
States 
M issavage, R .  J . ,  Y. P. Chugh ,  T. Roscetti . S u b­
. s idence Prediction in Sha l low Room and Pi l lar  
M ines .  I nternationa l  Journal  of Min ing and 
G eological  Eng ineering ,  v .  4, 1 98 6, p .  39-46 . 
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A mathematical model uses the relative flexural 
strength of the strata overlying  a coal seam to pre­
d ict the vu lnerabi l ity of sha l low room-and-p i l lar  
m ined areas to su bsidence . The model assumes the 
fa i l u re of the immediate roof as the precu rsor of a 
su bs.idence event.  The developed and va l idated 
model was subjected to a b l ind test in a m ine  in the 
I l l i no is  Coal  Basin ;  the model predicted 1 0  out of 1 2  
su bsidence events in  the b l ind ha lf of the study 
area and two of th ree additiona l  subsidence events 
in the known ha lf of the study area . 
Keyword (s) : coa l m in ing ,  room-and-pi l lar, 
pred iction,  model ing ,  math ematical model ,  roof 
stabi l ity, abandoned mines 
Location (s) : I l l i nois, I l l inois Coal Bas in ,  Un ited 
States 
M itche l l ,  S .  J . ,  J .  F. T. Agapito, L . A.  Weakly . 
Reinforcement of Large P i l lars by Bolting . I N :  Rock 
Mechan ics in  Productivity and Protection , 
Proceedings 25th Sympos ium on Rock Mechan ics, 
Northwestern University, Evanston,  I L, J u ne 25-27,  
1 984, C . H .  Dowding  and M . M .  S ingh , eds . ,  S M E­
A I ME ,  New York, p .  523-532 .  
A n  ana lysis of bolti ng  reinforcement of several 
large p i l lars was performed . The many overcoring  
stress profi les in p i l lars at the mine were used to 
produce genera l ized stress distributions at various 
stages i n  pre- and post-fa i l u re .  A complete stress­
deformation cu rve was estimated from this data . 
The effect of p i l lar  bolting  on the load-deformation 
beh avior was extrapolated from the observed 
unbolted behavior. Bolt ing can increase p i l lar  
strength by up  to 1 0% .  
Keyword (s) :  p i l lar  strength , model i ng ,  computer 
Location (s) : Colorado, Rocky Mounta in  Coal 
Reg ion,  Un ited States 
Mitre Corporation . Environ mental Action Programs 
for Northeastern Pennsylvan ia : Refuse Bank 
Removal--Su bsidence Mon itori ng .  U . S .  Bureau of 
Mines Open Fi le Report O F R  3-73 , 1 97 2 .  
Refuse removal and subsidence mon itoring  a re 
the two topics of discussion . 
Keyword (s) :  instrumentation,  economics, m ine  
waste, mon itori ng equ ipment, mon itoring  design ,  
coa l m in ing  
Location (s ) :  Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Mock, R. G . , L .  F. Marrs . Hazard Reduction 
Techn iques Used for Pit Su bsidence Near Hanna ,  
Wyoming . IN :  Proceedings Conference on Coal 
Mine Subsidence in  the Rocky Mounta in  Region , 
Colorado Springs,  October 28-30, 1 985 ,  J . L. 
Hynes, ed . ,  Colorado Geological Su rvey Specia l  
Publ ication 3 1 ,  Department of  Natu ral Resources, 
Denver, 1 986,  p .  223-233 . 
Th ree d ifferent backfi l l  techn iques were used to 
reduce immediate hazards associated with pit 
subsidence over sha l low abandoned coa l m ines near  
Hanna,  Wyoming .  The three techn iques i ncluded 
the fo l lowing : granu lar  soi l  backfi l l i ng ,  a g routed 
bou lder wedge, and open boulder backfi l l in g .  
Keyword (s ) :  loca l backfil l i ng ,  g routing ,  
abandoned mines, reclamation ,  h i storica l ,  l and 
mitigation,  coal m in ing  
Location (s) :  Wyoming,  Rocky Mou nta in Coal 
Reg ion , Un ited States 
Mock, R. G ., L. F. Marrs . Hazard Reduction 
Techn iques Used for Pit S u bsidence Near Hanna ,  
Wyomin g .  IN :  Proceedings 8th Annua l  Nationa l  
Abandoned Mine Lands Conference,  August 1 0- 1 5 ,  
1 9 8 6 ,  Bi l l ings,  MT,  p .  1 5 1 - 1 60 .  
Three d ifferent backfi l l  techn iques were used to 
reduce immediate hazards associated with pit 
subsidence over sha l low abandoned coal mines n ear  
Han na,  Wyoming .  
Keyword (s ) :  backfi l l i ng ,  abandoned mines, coal 
m in i ng ,  local backfi l l i ng  
Location (s) : Wyoming,  Rocky Mou ntain Coa l  
Reg ion , Un ited States 
Moebs, N .  N .  Geologic G u idel ines in Coal Mine 
Design . I N :  G round  Control Aspects of  Coa l  M ine  
Design , Proceed ings,  Bureau of  Mines Technology 
Transfer Seminar,  Lexington , KY, March 6, 1 973 ,  
U .S .  Bu reau of  M ines IC  8630, 1 974, p .  63-69 . 
Geologic techn iques have been developed by 
which coal m ine  - roof competency can be evaluated 
in advance of m in i ng .  The data for eva luation are 
derived from exploratory core dr i l l in g .  lsopach maps 
of selected beds in the immediate roof are con­
stru cted from deta i led logs of the core and standard 
physica l  properties of roof rock obtained from 
testin g  core sam ples . 
Keyword (s) : m ine design ,  coal m in ing ,  geologic 
features, roof stab i l ity 
Location (s) :  Un ited States 
Moebs, N. N . ,  E. A. Curth . Geologic and G round­
Control Aspects of an Experimenta l  Shortwal l  
O peration in the Upper  O h io Val ley. U .S .  Bureau of 
M ines RI 8 1 1 2 , 1 976,  30 p .  
Keyword (s ) :  roof stabi l ity, ground contro l ,  
shortwa l l ,  coa l m in ing ,  geologic featu res 
Location (s) : O h io,  Un ited States 
Moebs, N .  N .  Roof Rock Structures and Related 
Roof S upport Problems in  the Pittsbu rgh  Coalbed of 
Southwestern Pennsylvan ia .  U . S .  Bureau of M ines 
R I  8230, 1 97 7  I 30 p .  
Keyword (s) : roof support, roof stabi l ity, coa l 
m in i ng ,  geologic featu res 
Location (s) :  Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Moebs, N. N .  Su bsidence Over Four Room-and-Pi l lar  
Sections i n  Southwestern Pennsylvan ia . U .S .  
· Bu reau of M ines R I  8645, 1 982 ,  2 3  p .  
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Keyword (s ) :  room-and-pi l lar,  coal m in ing  
Location (s) :  Pennsylvan ia, Appalach ian Coa l 
Region , Un ited States 
Moebs, N .  N. S u bsidence Over Four Room and Pi l lar  
Sections in  Southwestern Pen nsylvan ia . U .S . 
Bureau of M ines, Pittsburgh Min ing  Tech nology 
Center, 1 984 .  
Keyword (s) :  room-and-pi l lar, coal m in ing  
Location (s) :  Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Moebs, N .  N . , R .  M .  Stateha m .  Geologic Factors i n  
Coal M ine  Roof Stabi l ity--A Progress Report .  U .S .  
Bureau of Mines I C  8976,  1 984, 2 7  p .  
Keyword (s ) :  roof stabi l ity, geolog ic  featu res, 
coal min ing 
Location (s) : Un ited States 
Moebs, N .  N . ,  T.  M .  Barton . Short-Term Effects of 
Longwal l  M in ing  on Sha l low Water Sources . I N :  
Mine Subsidence Control ,  Proceed ings Bu reau of 
Mines Technology Transfer Seminar,  Pittsburg h ,  
September 1 9 , 1 985,  U . S .  Bureau of M ines I C  
9042, p .  1 3-24. 
The US BM mon itored surface subsidence, 
water table levels, and stream flow above a 
longwal l  panel in southwestern Pen nsylvan ia  for 
about 6 months prior to m in ing  and 1 2  month s  
afterward . On ly water levels with in  t h e  bou ndary of 
the longwal l  showed a precip itous dec l ine as a 
resu lt of min ing . 
Keyword (s) : longwal l ,  hydrology, subsurface 
water, room-and-pi l lar, environment, surface water, 
coal min ing 
Location (s) :  Pen nsylvan ia ,  Appalach ian Coa l  
Reg ion,  Un ited States 
Moebs, N .  N . ,  R. M .  Stateha m .  The Diagnosis and 
Reduction of  Mine Roof Fa i l u re .  Coa l  M in ing ,  v .  22 ,  
1 985 ,  pt . 1 ,  no .  2 ,  1 9 85,  p .  5 2-55;  pt . 2 ,  n o .  3 ,  
1 985 ,  p .  42-48 . 
Keyword (s) : roof stabi l ity, coa l m in ing  
Moebs, N .  N . ,  R .  M .  Stateham . Coa l  M ine  Roof 
I nstabi l ity : Categories and Causes . U . S .  Bureau of 
Mines I C  9076, 1 986,  1 5  p .  
Coal mine roof fa i l u re is  categorized accord ing  
to  character, trend, or pattern of  occurrence.  Two 
pr incipal  categories of fa i l u re are proposed : geology 
related and stress related . Each of several sub­
categories reflects the probable cause of fa i l u re and 
thereby provides a basis for the  selection of  appro­
priate techn iques for reduc ing the i nc idence of 
fa i l u re .  
Keyword (s) : roof stabi l ity, mine safety, g round  
control,  overbu rden ,  roof support, coa l m in i ng ,  
geolog ic features 
Location (s ) :  Un ited States 
Moebs, N .  N . ,  G .  P. Sames . Geotech nica l  Aspects 
of Roof and Pi l lar Stabi l ity in a Georg ia Ta lc  M ine .  
U . S .  Bu reau of  Mines R I  9404, 1 992 ,  29  p .  
This report su mmarizes a study o n  the 
appl ication of geotech nology to identify and 
min imize ground control hazards in talc m in i ng  
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operations in  northwestern Georg ia . The major 
ground  control h azard is  p i l lar  s lough ing  attributed 
to the steeply d ipp ing orientation of a pronounced 
fol iation in the ta lc  ore body . A boundary element 
model confirmed the advantages of us ing a u n iform 
p i l l a r  design to avoid excessive loads on portions of 
i rregu lar  p i l lars .  
Keyword (s ) :  geotech n ical ,  non-metal m in ing ,  
g round control ,  p i l l ar  strength , boundary element, 
model i ng ,  i nstru mentation ,  roof stabi l ity, mine 
safety, rock mechan ics, in  s itu testing 
Location (s) : G eorg ia,  Un ited States 
Mohr, F. Observations in Shafts on Rock 
Movements Due to M in i ng .  I N :  Proceedings, 
I nternationa l  Strata Control Congress, Leipz ig,  
October 1 4- 1 6, 1 958 ,  p .  1 1 2- 1 23 and I L-LVl l l .  
Rock movements a t  the su rface above a min ing 
area a re of  great interest i n  connection with the 
costly a lterations to bu i ld ings and the dra inage in 
the u pper formations caused by such rock move­
ments . The behaviour of the rock in the d irect 
vic in ity of the m in ing  cavity has been frequently the 
subject of recent rock mechan ics research . It  is true 
that the movements occu rr ing between these two 
zones have often been observed in horizonta l  
cavit ies, for example, roadways . 
Keyword (s) : overburden,  surface su bsidence 
damage,  rock mechan ics 
Location (s) : G ermany 
Mohr, H .  F. I nf luence of M in i ng  on Strata . M ine  and 
Quarry Eng ineeri ng ,  Apri l ,  1 956,  v .  22, no. 4, 
1 95 6, p. 1 40- 1 52 .  
This paper d iscusses the effects of m in ing  on 
the rock strat a  between the surface and the 
extraction zone .  Particu lar  reference is made to 
influences on vertica l shafts . 
Keyword (s} : overburden , subsurface subsidence 
damage 
Mel inda,  G .  M . ,  K .  A .  Heasley, D.  C.  Oyler, J .  R .  
Jones .  Effects o f  Horizontal Stress Re lated to 
Stream Val leys on the Stabi l ity of Coal Mine 
Open ings .  U . S .  Bureau of  M ines R I  94 1 3 , 1 992 ,  
2 6  p .  
Th is investigation was conducted to determine 
the natu re and frequency of  coal mine roof fa i l u re 
beneath va l leys . A mechan ism for th is fa i l u re and 
suggestions for  contro l l ing th is problem are pre­
sented . Hazardous roof condit ions identified in 
some mines were pos itively correlated with m in ing  
activities beneath stream va l leys . Mine maps with 
overlays of unstable roof and locations of stream 
val leys show that 52% of the instances of unstable 
roof in the surveyed mines occurred d i rectly 
beneath the bottom-most part of the va l ley . The 
survey a lso showed that broad,  flat-bottomed 
va l leys were more l i kely to be s ites of hazardous  
roof than narrow-bottomed val leys . 
Keyword (s) :  roof stabi l ity, geologic features, 
coal m in ing ,  model ing 
Location (s } : Pennsylvan ia ,  West Virg in ia ,  
Appalach ian Coal Reg ion , Un ited States 
Montz ,  H .  W. Subsidence from Anth racite M i n in g .  
Transactions, A I M E, v .  8 8 ,  1 930, p .  9 8- 1 34.  
The author d iscusses th ree case studies 
involving  p i l lar  extraction . 
Keyword (s) : anthracite, coal m in ing ,  p i l lar  
extraction ,  surface structural damage 
Location (s ) :  Un ited States 
Monz ,  H .  W. A Study of Su rface Subsidence 
Accompanying Min ing  Operations i n  the Northern 
Anth racite M in ing  Fields of Pennsylva n ia . Thesis,  
The Pennsylvan ia State Un iversity, 1 933 . 
Keyword (s) : surface su bsidence damage, 
anth racite, coal  min ing,  active mines 
Pen nsylvan ia ,  Appalach ian Coal Region , Un ited 
States 
Moore, R. C . ,  M . A .  Nawrocki . Effects of 
Subsidence from Thick Seam Coal M in ing  on 
Hydrology. Contract J02950 1 2 , H ittman 
Associates, I nc .  U .S . Bureau of  M ines OFR 93-80, 
1 9 80, 245 p .  (NTIS PB 80-2 1 9280) 
The USBM contracted a study to estimate what 
effects the u nderground min ing  of th ick coal seams 
in  the western Un ited States wou ld have on sur­
rou nding water resources . Potentia l  coal f ields 
wh ere th is type of m in ing  might occu r were identi­
fied . The internationa l  l iteratu re was searched for 
stud ies of effects on hydrology from th ick seam 
underground coal m in in g .  Estimates of the effects 
of th is type of min ing  on the ground  and surface 
water in the western states were made based on 
the l im ited information obta ined from the foreign 
l iterature . No f ie ld work was performed . 
Keyword {s) : vertical d isp lacement, horizonta l  
d isplacement, surface water, subsurface water, 
hydrology, longwal l ,  coal m in ing ,  l iterature search 
Location (s) : Montana,  Wyoming,  Colorado, New 
Mexico, Idaho,  Utah ,  Arizona,  Rocky Mounta in  Coal 
Region , Un ited States 
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Morgan ,  R. C. Causes of Subsidences and the Best 
Safeguards  for Their  Protection . Col l iery G uardian , 
v .  1 2 1 ,  1 92 1 ,  p .  795-797,  868,  869 .  
Keyword (s) : backfi l l i ng ,  p i l lar  strength 
Location (s) : G ermany, England 
Morgan , T .  A .  Coal  M ine  Roof Problems .  I N :  G round  
Control Aspects of  Coa l Mine Des ign,  Proceedings,  
Bureau of M ines Technology Transfer Seminar, 
Lexington ,  KY, March , 6, 1 973,  U . S .  Bureau of 
M ines IC 8 630, 1 974, p. 5 6-62 . 
The factors that contribute to coal mine roof 
problems a re so n umerous and work in so many 
combinations that the greatest d ifficu lty in  solvin g  
these problems l ies in  identifying  t h e  ch ief cause of 
the problem . The staffs of coa l min ing compan ies 
can often identify the cause without the help of 
g round  control specia l ists by us ing practica l  and 
i nexpensive mon itoring  devices i n  their  mines .  
These measu rements m a y  lead directly to a solu­
t ion or may show the problem to be simi lar to the 
problem i n  another mine for which a solution h as 
a l ready been found . 
Keyword {s ) : roof stab i l ity, roof support, mine 
des ign , g round  control, coa l min ing,  geologic 
featu res 
Location (s) : Un ited States 
Morgan ,  T. A . ,  J .  C. Sti l l . The Effect of M in ing  and 
S u bsidence Rates on Transfer of  Overbu rden 
Weight .  I N :  G round Control Aspects of Coa l Mine 
Design ,  Proceedings ,  Bureau of  M ines Technology 
Transfer Seminar,  Lexington ,  KY, March 6, 1 973,  
U .S .  Bu reau of M ines I C  8630, 1 974, p .  35-43 . 
This paper suggests a relationsh ip between 
the rate of su bsidence and the dynamic transfer of 
weight with i n  low d ip ,  bedded deposit mines .  This 
i nformation can be usefu l in the design of mine 
l ayouts and extraction sequences . 
Keyword (s) : m ine des ign,  overbu rden , grou n d  
contro l ,  active m ines 
Location (s) : Un ited States 
Morgando, F. P. Eng ineering Geological 
I nvestigation of a S u bsided Area, "D" Street-­
Connecticut Avenue, Rock Springs, Wyomin g .  
Wyoming  H ighway Department Project ARS 1 435 ,  
March 28 ,  1 969,  7 p .  (A_va i lab le for consu ltation at 
the US BM Denver Research Center . )  
Keyword (s) : backfi l l ing,  surface structural 
damage 
Location (s ) :  Wyoming,  Rocky Mounta in  Coal 
Reg ion ,  Un ited States 
Morgando, F .  P .  Rock S prin gs Backf i l l  Project, Rock 
Springs, Wyomin g .  Wyoming H ighway Department 
Project ARS 1 523,  January 2 1 ,  1 97 1 ,  2 p .  
(Avai lable for consu ltation a t  the US BM Denver 
Research Center. ) 
Keyword (s ) :  backfi l l i ng ,  surface structu ra l 
damage, abandoned mines 
Location (s) : Wyoming,  Rocky Mou nta in  Coal 
Region , Un ited States 
Morgando, F. P. Su rface S u bsidence Due to Coal  
Min ing,  Rock S prings, Wyoming .  I N :  Proceedi ngs,  
9th  Eng ineering Geology and So i ls  Eng ineering  
Sympos ium,  Idaho  Department of  H ighways, Boise, 
1 97 1 ,  p. 1 89 .  (NTIS Accession No. 72-00498 )  
Keyword (s) :  coa l m in ing ,  abandoned m ines 
Location (s) : Wyoming,  Rocky Mou nta in  Coal 
Region , Un ited States 
Morita , N . ,  D. L. Wh itfi l l ,  0 .  Nygaard ,  A. Bal e .  A 
Quick Method to Determine Subsidence, Reservoi r  
Compaction , and I n  Situ Stress I nduced by 
Reservoir Depletion . I N :  Rock Mechan ics 
Contributions and Chal lenges, Proceed ings of the 
3 1 st U . S .  Rock Mechan ics Sympos ium,  Go lden,  
CO, June 1 8-20, 1 990, W.A.  Hustru l id  and G .A .  
Johnson , eds . ,  Ba lkema, Rotterdam,  p .  5-6 .  
This paper provides a qu ick method to 
determ ine su bsidence, compaction , and in s itu 
stress conditions resu lting  from pore pressure 
changes . The method is usefu l  for format ions  
showing large Young 's  modu lus  contrasts compared 
to the surround ing rocks . 
Keyword (s) : rock mech an ics ,  flu id  extraction , 
o i l  extraction 
Morrison,  C. S . ,  D. V .  Ho lmqu ist. Ana lysis of 
Subsidence Potentia l  Using Compl imenta ry 
I nfl uence Fu nctions .  I N :  Proceed ings Sympos ium on 
Evo lution of  Abandoned Mine Land Technolog ies, 
R iverton,  WY, June 1 4- 1 6, 1 989 ,  p.  2 99-305 . 
Compl imentary infl uence functions ana lysis was 
used to predict potentia l  subsidence and the effect 
of su bsidence abatement procedu res for under­
mined parts of Rock S pr ings, Wyoming .  Th is  ana ly­
sis techn ique was chosen because it is  easi ly 
app l ied to complex room-and-pi l lar  mine geometries . 
Keyword (s) : infl uence fu nction , pred iction,  
room-and-pi l l ar, computer, National  Coa l  Board, 
backfi l l i ng ,  surface structu ra l damage 
Location (s) :  Wyoming,  Rocky Mou nta in  Coa l 
Reg ion,  Un ited States 
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Morrison , W. C. Stabi l i zation of a Deep, Submerged 
and  Abandoned M ine .  Presented at Annua l  Meeting, 
Association of Eng ineerin g  Geolog ists, September 
1 1 , 1 987,  24 p .  
I n  1 980, a m ine  su bsidence event, wh ich 
affected h omes, shopping centers, churches, and 
service stations,  was reported in the C ity of  G rays­
vi l le ,  Alabama .  Beneath the affected su bsidence 
area are two abandoned coal m ines .  The USBM 
investigated the severity and extent of  th is  event 
and made appropriate recommendations for 
stab i l ization . 
Keyword (s) : abandoned mines,  coa l m in ing ,  
su rface structu ra l damage, uti l it ies, fou ndations, 
roads,  subsurface water� grouti ng ,  overburden 
Location (s ) :  Alabama, Un ited States 
Morrison ,  W. C .  G routing in Deep F looded Mines .  
I N :  Association of Eng ineer ing Geolog ists Sym­
pos iu m Series N o .  4, Bu i ld ing Over Underground 
M ines--Subsidence Considerations, October 1 987,  
p .  1 27 (abstract on ly} . 
G rout ing i n  the Mary Lee coalbed in G raysvi l le, 
Alabama created d ifficu lties regard ing the develop­
ment of massive grout columns  in a flooded mine  
s ituated approximately 700 feet below the  ground 
s u rface . Several d ifficu lties had to be overcome to 
inject the grout into the m ine .  
Keyword (s} : g routing ,  abandoned mines 
Location (s} : Alabama, Un ited States 
Morse, C. F. R. Some Min ing  Problems Encountered 
During  the Construction of a Section of the M 6  
Motorway Adjacent t o  Walsa l l  i n  Staffordsh i re .  The 
Chartered Su rveyor, 1 00, 1 967,  p.  236-243 . 
Keyword (s } :  roads 
Location (s) : Un ited Kingdom 
Mort, T.,  P .  G. D. Pretori us .  Extraction of No. 6 
Shaft Pi l la r  Area , Durban , Roodepoort Deep, Ltd . 
Association Mine  Managers Transvaal ,  Papers and 
Discussions,  1 946/47, p .  67- 1 09 .  
Keyword (s } :  room-and-p i l lar, p i l lar  extraction 
Location (s} : South Africa 
Morton ,  D. M .  Su rface Deformation in Part of the 
San Jacinto Val ley, Southern Ca l iforn ia . U . S .  
Department o f  t h e  I nterior, Geolog ical Su rvey 
Journa l  of Research , v. 5, 1 977,  p .  1 1 7- 1 24.  
Keyword (s } :  fl u id  extraction 
Location (s) : Ca l iforn ia ,  Un ited States 
Moscnyi , E .  I nf luence of G round S u bsidence Due 
to Min ing on River Regime and Sca le  Model 
Experiments . I N :  Proceedings,  I nternationa l  
Symposium of Fossi l  Fuel  Production and Water 
Resou rces, Paper 1 8 , 1 976 .  
Keyword (s ) :  surface water, su rface subsidence 
damage, model ing 
Mozu mdar, 8 .  K.  A Mathematical Model of G round 
Movement Due to  Underg round M in in g .  Ph . D .  
Thesis, The Pen nsylvan ia State Un ivers ity, State 
Col lege, 1 974, 1 30 p .  
Keyword (s ) : mode l ing,  mathematica l model 
Mozu mdar, 8 .  K. ,  C .  8.  Man u i a .  Prediction of 
Ground Movement Due to An Advance Face . I N :  
Proceedings, 1 4th Sympos ium o n  Appl ication of 
Computer Methods in the Minera l  I ndustry, 
Pen nsylvan ia  State Un iversity, October 4-8 , 1 97 6 ,  
R .V .  Raman i ,  ed . ,  S M E-AI ME, New York, NY, 
1 977 I P •  494-504.  
Keyword (s) :  prediction ,  computer 
Location (s ) :  Un ited States 
Mraz,  D. Z . ,  D. Gendzwi l l . Eva luation of S u bsidence 
Over a Deep Saskatchewan Potash M ine .  I N :  Pro­
ceedings, 2nd Workshop on Su rface Subsidence 
due to Underground Min ing ,  Morgantown , WV, 
June  9 - 1 1 ,  1 986,  S .S .  Peng ,  ed . ,  West Virg in ia  
University, p .  9 1 - 1  03 . 
Subsidence profi les over Saskatchewan potash 
mines exh ibit forms that can not be expla ined by 
existing  subsidence models .  The su bsidence is  
affected by bridg ing of competent rocks . A modifi­
cation of the theory can expla in  the observed d is­
placement of su bsidence profi les due to bridg i ng .  
An  u n usua l  sha l low secondary subsidence trough 
has been observed extend ing 2 to 3 ki lometers 
outside the primary subsidence . The secondary 
su bsidence is expla ined as an e lastic compression 
in  response to a drop in pore water pressure in the 
vic in ity of the caving  zone .  The concept of pore 
water pressure may lead to a safe extraction l im it 
for Saskatchewan mines .  
Keyword (s) : non-metal m in ing ,  model i ng ,  
empirical  model, profi le function ,  inf l uence fun ction , 
prediction , rock mechan ics ,  geologic featu res, 
overburden 
Location (s) : Canada 
Mraz, D. Z., R. S. Jones .  A Case History of 
Convergence and Su bsidence Over a Deep 
Saskatchewan Potash Mine .  I N :  M ine  S u bsidence, 
Society of Min ing  Engineers Fa l l  meeting ,  St.  Lou is ,  
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M O ,  September, 1 986,  M . M .  S ingh , ed . S M E, 
Littleton , CO,  p .  1 1 7- 1 27 .  
Un l i ke i n  coa l m ines where caving methods are 
used, the subsidence over potash mines in Sas­
katchewan ,  Canada, is a fu nction of gradua l  m in ing  
convergence .  Because of  the  presence of  h igh  
pressu re water aqu ifers over the evaporite salt 
formations,  the m ines have to be designed as 
reg iona l ly stab le and no caving  is a l lowed . The 
extracted area converges gradua l ly and the con­
vergence is ma in ly a fu nction of the extraction and 
m in i ng  method employed . Consequently, the sub­
s idence rate is very slow and the bridg ing of the 
overlyin g  strata is a considerably more important 
phenomenon than e lsewhere . The paper eva l uates 
a case h istory of convergence and subsidence in a 
deep potash m ine  i n  Saskatchewan . 
Keyword (s ) : non-metal m in ing ,  subsurface 
water, overburden , geologic featu res, survey 
methods, survey data process ing,  ang le of d raw 
Location (s ) : Canada 
M roz,  Z . ,  P .  Nawrocki . Deformation and Stab i l ity of 
an  E lasto-Plastic Soften ing P i l lar .  Rock Mechan ics 
and Rock Eng ineering ,  v .  22, no. 2 ,  Apri l -Ju ne,  
1 98 9 ,  p .  69- 1 08 .  
A model of rock p i l l ar  or coa l seam is con­
s idered assuming  l i nea r  elastic behaviou r before 
reach ing  the maximum strength and post-peak 
behavio u r  characterized by the residua l  strength . 
Deformation and stress across p i l l ar  he ight are 
assumed to be u n iform . The interaction with over­
lyi ng  rock strata is  treated assuming a beam model 
of the strata . The elasto-p lastic stress d istribution 
with in  the p i l l a r  and the onset of instabi l ity occu r­
rin g  for the crit ical open ing span are determined . 
Comparison with a solution for a s impl ified 
"springn  model of a p i l l ar  is a lso presented . 
Keyword (s) : p i l l a r  strength , model ing,  coal 
m in ing  
Mruga la ,  M .  J . ,  R .  M .  Belesky .  P i l l a r  S i z ing . I N :  
Rock Mechan ics a s  a G u ide to Efficient Uti l i zation 
of Natu ra l Resources, Proceed ings 30th U .S . 
Symposium,  A .W.  Kha ir, ed . ,  1 989,  Ba l kema, 
Rotterdam,  p.  3 9 5-402 . 
Coal strength, based on scaled un iaxia l  
compress ive strength from the laboratory and back­
calcu lat ions from in -mine observations of p i l l a r  
stab i l ity, i nd icates that  materia l  strength sca l ing 
ru les are open to debate.  Ana lyses presented 
i nd icate that the app l ication of sca l i ng. factors lower 
than  0 .5  provide a better correlation with field 
observations of p i l l a r  stab i l ity . 
Keyword {s) : coal m in ing ,  p i l lar  strength , lab 
testing,  rock mechan ics, mine design ,  room-and­
pi l lar, p i l lar  extraction 
Location {s) : Pen nsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Mrugala,  M .  J . ,  W. Bishop . Performance of a Two­
Cavern Storage System Using F in ite E lement 
Method . I N :  Rock Mechan ics as a G u ide for 
Efficient Uti l ization of Natu ra l  Resou rces, Pro­
ceedings 30th U .S . Sympos ium,  1 989 ,  A . W .  Kha ir, 
ed . ,  Ba lkema, Rotterdam, p. 689-696 .  
F in ite element method was employed t o  assess 
the performance of a two-cavern system over a 20-
year period of operation . Of primary importance 
was eva luation of the stabi l ity of the p i l l a r  separat­
ing the two caverns .  Resu lts of these ana lyses are 
discussed along with practical imp li cations relevant  
to cavern operation . 
Keyword {s) : f in ite element, p i l lar  strength , non­
meta l min ing,  model ing,  computer 
Location {s) :  Un ited States 
Mue l ler, W. Die Berechnung  Der Bewegu ngen Und 
Span nungen Des Gebirges Vom Abbau Bis Zu r 
Tagesoberflaeche Nach Der Methode Der End l ichen 
Elemente {Calcu lation of Displacements and Stress 
in Rock Strata Between the M in ing  Exploitation and 
the  Surface by Means of  F in ite Element Method) .  
G lueckauf-Forsch ungshefte, v .  34, n o .  6 ,  December 
1 973,  p .  228-236 .  
Keyword {s ) :  fin ite element, model ing ,  
overburden 
Mu l ler, R.  A.,  A .  I .  Juski n ,  J.  I .  Karavaev (eds . )  
Manual to Calcu lation of Bu i ld ings and 
Constructions Designed on Min ing  Areas .  
Publ ication of Construction Literature,  Len ingrad ,  
U .S . S . R . ,  1 968,  278 p .  ( in  Russian ) .  
Keyword (s ) :  arch itectu re, construction,  su rface 
structural damage 
Munson , D .  E. ,  S. E.  Benz ley. Ana lytical Su bsidence 
Model Using Void-Volume Distribution Fu nctions .  
I N :  Rock Mechan ics :  A State o f  the Art, Pro­
ceedings 2 1 st U .S .  Symposiu m  on Rock Mechan ics, 
Un iversity of M issouri at Rol la,  May 28-30, 1 980, 
D .A .  Summers,  ed . ,  p .  299-307 . 
This paper presents an ana lytic theory of 
su bsidence that acts as a framework descr ib ing  
both the  time-dependent and t ime- independent 
aspects of the subsidence process .  Also inc luded is 
a description of the numerical tests performed on 
2 6 8  
th is proposed model using a fin ite element 
computer progra m .  
Keyword {s) : vertical d isplacement, horizonta l  
d isp lacement, computer, rock mechan ics, time 
factor, f in ite e lement, mode l ing 
Location {s) :  Un ited States 
M u nson , D. E . ,  W .  F .  E ichfeld .  Eva luation of 
European Empir ical Methods for Subsidence in U . S .  
Coal F ie lds . U .S .  Department Energy contract SAND 
80-0537,  Sandia Nationa l  Laboratory, 1 980, 27  p .  
(NTIS SAN D-79-2355 C )  
Th is  report ana lyzes t h e  appl icabi l ity of Euro­
pean su bsidence pred iction methods ( inc lud ing 
graph ical  methods, profi le functions,  and infl uence 
fun ctions)  for U . S .  longwa l l  m in ing  condit ions 
where the subsidence process has been 
documented . 
Keyword {s) : vertical d isplacement, horizontal 
d isp lacement, pred iction theories, longwal l ,  p rofi le 
function ,  influence function, coa l m in ing ,  empirica i  
model 
Location (s} :  Eu rope, Un ited States 
M u nson, D. E . ,  W. F. E ichfeld . Eu ropean Empir ical  
Methods Appl ied to Subsidence in  U . S .  Coal F ie lds . 
SAN D80- 1 920, Sand ia Nationa l  Laboratories, 
Albuq u erque ,  N M, October, 1 980, 20 p .  
Keyword (s) : pred iction theories, coal m in ing ,  
empir ical  model 
Location (s) : Un ited States, Europe 
M un son ,  D. E . ,  H .  J .  Sutherland . Empir ical  and 
Ana lytic Approaches to Su bsidence Prediction . I N :  
Proceedings,  Conference o n  G round Control in  
Room-and-P i l lar  M in ing ,  Southern I l l i nois Un ivers ity, 
Carbondale, August 6-8, 1 980, Y. P. Chugh ,  ed . ,  
S M E-AI M E, New York, 1 9 82 ,  p .  1 39- 1 49 .  
Empirical methods for describ ing the shape of 
the su bsidence trough  over coal mines in Europe are 
tested against fie ld measu rements of subsidence 
over longwa l l  panels in the Un ited States . The 
graph ical  methods developed by the Nationa l  Coal 
Board in the Un ited Kingdom do not correlate well  
with measu rements from the Un ited States; h ow­
ever, the profi le fun ctions typical ly used on in  
Eu rope g ive qu ite acceptable fits to the data . 
Keyword (s ) :  pred iction , model i ng ,  ground 
contro l ,  empirical  model, room-and-pi l lar, profi le 
function ,  coal m in ing ,  Nationa l  Coa l Board 
Location (s } : I l l i nois, New Mexico, Un ited States, 
Europe, Un ited Kingdom 
Munson,  R .  D .  Subsidence Mon itor ing Using 
Seismic Activity . U . S .  Bu reau of M ines Denver 
Research Center, M in ing  Research Contract F ina l  
Report JS 1 60064 t o  Office of Surface M in i ng ,  
November, 1 987,  69 p .  (NTIS PB90- 1 62496)  
The occu rrence of  seismic events caused by 
developing zones of subsurface su bsidence was 
mon itored us ing a near-surface geophone a rray . 
The active subsidence s ite was located i n  a 
residentia l  area of northeast Colorado Spr ings,  
Colorado . Although a considerable n u mber of 
events were observed dur ing the 1 0-month 
mon itori ng interva l ,  the sou rce of on ly a few could 
be located . Despite the problems i n herent of 
su bsidence sites, resu lts i ndicate that th is 
geophysical method h as the potentia l  to detect 
activity that is ind icative of i n it ia l  subsurface 
su bsidence ( i . e . ,  fai l u re of the abandoned mine  
roof) . 
Keyword (s) :  geophysica l ,  abandoned m ines,  
coal m in ing ,  roof stabi l ity, seismic, g rou nd  control 
Location (s) :  Colorado, Rocky Mounta in  Coal 
Region , Un ited States 
Murphy, E. M . ,  M .  0 .  Magnuson ,  P. Sader J r . ,  
J .  Nagy. Use of  F ly  Ash for Remote F i l l i ng  of 
Underground Cavities and Passageways . U . S .  
Bu reau o f  Mines R I  72 1 4, 1 968 ,  27  p .  
Extensive tests o f  mater ia ls,  methods, and 
possible problems were made at the Bruceton 
Experimental Mine,  an operat ing mine,  and an 
abandoned mihe .  
Keyword (s) :  backfi l l i ng ,  abandoned mines,  
active m ines 
Location (s) :  Un ited States 
Murphy, E . W . ,  R. E. Yarbrough , S .  C. Bradford . A 
Review of Cla ims Data-- l l l i nois M ine  Subsidence 
I nsu rance Fund,  October 1 97 9  to October 1 98 5 .  
I N :  Proceed ings 2 n d  Workshop o n  S u rface S u b­
sidence due to Underground M in ing ,  Morgantown , 
WV, June  9- 1 1 ,  1 986,  S .S .  Peng ,  ed . ,  West 
Virg in ia  Un iversity, p. 1 3- 1 8 . 
Th is paper presents subsidence i nsu rance 
claims and structu ral mon itor ing data; it describes 
changes that h ave occu rred in  the I l l i nois I nsu rance 
Code during the fi rst 6 years the I l l ino is M ine  
Subsidence I nsurance Fund h as been in  existence.  
Keyword (s} : surface structura l damage,  
insu rance, coa l  min ing,  h istorica l ,  abandoned m ines, 
mon itorin g  methods, mon itoring  equ ipment 
Location (s ) :  I l l inois, I l l i nois Coal Bas in ,  Un ited 
States 
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M u rphy, E. W . ,  R. E. Yarbroug h .  Reconstruction of 
Homes Damaged by Coal Mine Su bsidence -­
Progress Report .  I N :  Proceedings, 2nd I nternationa l  
Conference on Construction i n  Areas of  Abandoned 
Mineworkin gs, Ed inbu rgh ,  1 988,  p. 1 85- 1 90.  
Keyword (s) : coa l m in ing ,  abandoned mines, 
fou ndations,  structu ral m it igation , surface structural 
damage 
Location (s) : I l l i nois,  I l l i no is  Coal  Bas in ,  Un ited 
States 
M urray, M .  J .  Ba i l l ieston I nterchange Bridges (with 
Particu lar  Reference to the Design for M in ing  
S ubsidence) . I N :  M ineworkings 84:  Proceedi ngs 
I n ternationa l  Conference on Construction in Areas 
of Abandoned M ineworkings,  Ed inburgh ,  1 984, 
M . C .  Forde, B . H .V .  Topp ing ,  and H .W .  Whittington ,  
eds . ,  Eng ineering  Tech n ics Press, p .  1 5 1 - 1 6 1 .  
Keyword {s ) : eng ineering ,  roads 
M u rria ,  J. S u bsidence in  Western Venezuela O i l  
F ie lds Monitor ing and  Prediction . I N :  Proceedings 
V I I I  Congress I nternationa l  Society for Mine 
S u rveyin g ,  September  2 2-27,  1 99 1 ,  University of  
Kentucky, Lexin gton , UKY BU 1 54, p .  439-443 . 
The paper presents a brief h istorical summary 
of o i l  p roduction and subsidence monitorin g  in  
western Venezue la ,  fol lowed by a general review of 
the latest developments in su bsidence mon itoring ,  
and  a brief description of  fou r  subsidence models 
developed . 
Keyword {s} : o i l  extraction , mon itori ng  methods, 
su rvey methods, model ing ,  prediction, geolog ic 
featu res, vertica l  d isplacement, empirical  model,  
fl u id  extraction ,  fi n ite element 
Location {s ) : Venezuela 
Musu l i n ,  M. Mak ing a Case for Longwal ls . Coal ,  
August, 1 989 ,  p .  5 2-54.  
The coal i ndustry is at a critical j unctu re in 
regard to longwa l l  m in i ng .  The publ ic 's  acceptance 
and tolerance of longwal l  m in ing  wi l l  determ ine the 
u lt imate success or fa i l u re of th is m in ing  method .  I n  
order t o  be successfu l ,  t h e  industry must educate 
the publ ic  prior to any longwa l l  m in ing . The industry 
m ust make its case logica l ly and with a l l  the com­
m u n ication ski l ls it can muster. At the same time, 
the i ndustry must be s incere in  what it says . The 
card inal rule for success is commun ication . 
Keyword (s ) :  longwal l ,  coa l m in ing ,  land-use 
p lan n i ng ,  active mines 
Location {s) : Kentucky, West Virg in ia ,  O h io, 
Un ited States 
Myers, A .  R . ,  J .  B .  Hansen,  R .  A .  Lindva l l ,  J .  B .  
Ivey, J .  L .  Hynes.  Coal M ine  Subsidence and  Land 
Use in  the Bou lder-Weld Coalfie ld,  Colorado.  G rant 
G024400 1 ,  Colorado G eological Su rvey, U . S .  
Bu reau o f  Mines O FR 64-77,  1 975,  92  p .  
Keyword (s} :  land-use p lann ing ,  coal  m in i ng ,  
abandoned mines 
Location (s ) :  Colorado, Rocky Mounta in Coal 
Region, Un ited States 
Myers, K. L . ,  C. C. Reh n .  M u lti -Phased S ubsidence 
Study and Use of Progressive Fa i l u re Model for 
S u bsidence Prediction Above Room and Pi l lar  
M ines .  I N :  Proceedings, Conference on Coal M ine  
Subsidence in  the  Rocky Mounta in  Reg ion ,  
Colorado Springs, October 28-30, 1 985 ,  J . L. 
Hynes, ed . ,  Colorado Geological Su rvey S pecia l  
Publ ication 3 1 ,  Department of Natu ral Resou rces, 
Denver, 1 986,  p. 1 43- 1 67 .  
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Th is paper describes a study performed for a 
s ite in Colorado Spr ings,  Colorado .  The s ite is 
located above abandoned room-and-pi l lar  coal 
m ines last worked in  the 1 920s and 1 940s . The 
th ree phases of the study involved a review of 
p u bl i shed data on the m ines, a l imited subsurface 
investigation , and a very deta i led eva luation of the 
eastern portion of the s ite, resu lt ing in a prediction 
of fina l  subsidence profi l e  and ground stra ins .  
Keyword (s) : abandoned m ines ,  room-and-pi l lar ,  
p red iction,  mode l ing ,  p i l lar  strength , roof stab i l ity, 
f loor stab i l ity, overbu rden,  subsurface water, land­
u se p lann ing ,  structu ra l m itigation,  hydrau l ic 
backfi l l i ng ,  g routing ,  uti l it ies, l iteratu re search , coal 
m in i ng  
Location (s ) : Colorado, Rocky Mountain Coa l 
Region ,  Un ited States 
Nair, 0 .  B .  Roof and Floor Bearin g  Capacity Tests . 
I N :  Proceedings,  Bureau of M ines Technology 
Transfer Seminar, Lexington , KY, March 6 ,  1 973 , 
Grou nd Control Aspects of Coa l M ine  Desig n ,  U . S .  
Bureau of Mines I C  8630, 1 974, p .  1 1 4- 1 20 .  
One of  the factors caus ing problems i n  longwal l  
operations is when the s ize  of  the supports is such 
that the bearing  pressures exerted cause fai l u re of 
the floor or roof. RI 7406 describes the develop­
ment and test resu lts of a s imple,  inexpensive ,  and 
effective method of  testin g  the bearing  capacity of  
mine roof and floor . The equ ipment and test ing 
procedure is described and the resu lts of tests in  
n ine  m ines i n  the United States are d iscussed . The 
test may be used to determine the a l lowable 
bear ing pressures that can be exerted on m ine  
roof/floor by longwal l  support equ ipment.  
Keyword (s ) :  roof stabi l ity, f loor stab i l ity, in  s itu 
testing ,  longwal l ,  roof support, coal m in ing ,  active 
m ines, b ituminous 
Location (s) : Un ited States 
Najjar,  Y. ,  M .  Zaman , J .  Ahern . Prediction of S u r­
face Subsidence Caused by Underground M in ing  
Using a Non l inear F in ite Element Procedu re .  I N :  
Proceedings 3rd I nternationa l  Sympos ium on 
Numerical Models in  Geomechan ics, N iagara Fa l ls ,  
May 8- 1 1 ,  1 98 9 ,  E lsevier, p .  557-565 . 
S ubsidence and col lapse due to u n derground  
m in i ng  are examined us i ng  non l inear  f in ite e lement 
ana lysis .  An elastoplastic constitutive model repre­
sents the non l inearity of the rock strata and an 
accu rate a lgorithm s imu lates the extraction . The 
analysis is  appl ied to the Blue Goose Lease in  
northern O klahoma.  Stress distribution before and 
after extraction is examined.  The effect of  d umping  
mine waste on the su rface above the  workin gs is  
a lso stud ied . 
Keyword (s) :  f in ite element, model ing ,  e lastic 
model , mine waste 
Location (s ) :  O klahoma,  Un ited States 
Narasimham,  T. N . ,  P . A .  Witherspoon . Nu merical 
Model for Land Subsidence in  S h al low G roundwater 
Systems . I N :  Proceedings 2hd  I nternationa l  
Symposium o n  Land Subsidence, Anahe im,  CA, 
IAHS-AI HS Pu bl ication No .  1 2 1 ,  December, 1 976 ,  
p . 1 33- 1 43 .  
Keyword (s) : model ing ,  subsurface water, 
hydrology 
Narasimhan,  T. N . ,  K. P. Goyal . S u bsidence Due  to 
Geothermal  F lu id  Withdrawa l .  I N :  Man- Induced Land  
Subsid�nce, Reviews in  Eng ineering Geology V I ,  
27 1 
The Geologica l  Society of America, T . L. Holzer, ed . ,  
1 984, p .  35-66 .  
S i ngle-phase and  two-phase geothermal 
reservoi rs a re cu rrently being exploited for power 
production i n  I ta ly, Mexico, New Zea land, the 
Un ited States , and elsewhere .  Vertical g round 
d isplacements have been observed in  Cal iforn ia as  
wel l as ·  i n  New Zea land (where horizontal d isplace­
ments were a lso measured ) .  No sign ificant g round 
d isplacements attr ibutable to large-scale flu id 
production h ave been observed i n  I taly or Mexico . 
O bservations show that subsidence due to geo­
therma l  flu id p roduction is characterized by an 
offset of the subsidence bowl from the main area 
of production , t ime-lag between production and 
su bsidence, and  n on l inea r  stress-stra in  relation­
sh ips .  Severa l p laus ib le conceptua l  models h ave 
been proposed to expla in  the observed features . 
Keyword (s} : fl u id extraction, vertica l 
d isplaceme.nt, h orizontal d isplacement, model i ng  
Location (s } : Italy, Mexico, New Zealand,  Un ited 
States 
Nationa l  Academy of Sciences, National  Research 
Counc i l ,  Commission on Eng ineering and Techn ical 
Systems, Division of Natu ra l Hazard M itigation ,  
Committee on G round Fa i l u re Hazards M itigation 
Research ,  Panel  on Land  S u bsidence . M itigating 
Losses from Land Su bsidence in the Un ited States . 
Nationa l  Academy Press, 1 99 1 ,  Wash ington , D . C . ,  
58  p .  
More than 44,000 square ki lometers o f  l a n d  in  
45 states have been lowered by u ndergrou nd coal 
m in i ng ,  g roundwater withdrawal ,  and the dra inage 
of organ ic  soi ls . With annual  costs exceeding  $ 1 25 
mi l l ion because of the resu ltant structu ra l  damage 
and  flood ing ,  awareness and reduction of the 
subsidence h azard is  an  increasing concern in  
at-r isk reg ions . Th is report reviews the land 
subs idence problem in  the Un ited States and 
assesses the effectiven ess of  current research , as 
wel l  as the eng ineering ,  techn ica l ,  and nonstructu ra l  
so lut ions that have been ut i l i zed to reduce losses . 
Land  u se management, mandatory insurance, and 
construction codes are among the measu res 
d iscussed . 
Keyword (s) : m it igation , coal m in ing ,  flu id 
extraction ,  land mitigation , oi l  extraction , soi ls, 
su rface structu ral damage, structu ra l m itigation,  
l and-use p lann i ng ,  abandoned m ines, active m ines, 
longwa l l ,  pa rt ia l  extraction , economics, insurance, 
prediction 
Location (s) :  Un ited States 
Nationa l  Bu i ld ing Stud ies . M in ing  Subsidence 
Effects on Smal l  Houses . Speci a l  Report No .  1 2 , 
Lon,don , 1 95 1 ,  p .  24.  
Keyword (s ) :  surface structu ra l damage,  
construction 
Location (s) :  Eng land 
Nationa l  Bu i ld ing Studies . S imp l ified Tab les of 
Externa l  Loads on Bu ried Pipel ines .  M in istry of 
Works, no .  32 ,  London , 1 962 . 
Keyword (s) : ut i l it ies, p ipel ines ,  subsu rface 
structu ra l damage 
Location (s) : Eng land 
Nationa l  Coa l  Board . I nvestigation of Min ing S u b­
sidence Phenomena .  I nformation Bu l letin 5 2/78 ,  
1 952,  2 5  p .  
The mechan ics o f  surveying subsidence effects 
as observed at the ground surface a re described . 
Keyword (s) :  su rvey methods, Nationa l  Coal  
Board,  coal m in ing  
Location (s) : Eng land 
Nationa l  Coa l  Board . Partia l  Extraction as  a Means 
of  Reducing Subsidence Damage.  I nformation 
Bu l letin 6 1 /23 1 ,  1 96 1 , 1 6  p .  
Th is bu l letin i s  a factua l  record o f  experience i n  
parti a l  extraction and is intended to  acq ua int  man ­
agement with the  techn ique and to  serve as  a 
reference for specia l ists . No attempt is made to 
discuss the theory of ground movement or to ex­
p la in  the phenomena recorded . 
Keyword (s) :  partia l  extraction , g round contro l ,  
Nationa l  Coa l  Board, coa l  m in ing ,  active m ines 
Location (s) : Eng land 
Nationa l  Coal Board . Pri nci ples of  S u bsidence 
Eng ineering . I nformation Bu l letin 63/240, 1 963,  
27  p .  
Keyword (s) :  horizontal d isplacement, g round 
contro l ,  backfi l l i ng ,  descriptive theories, coal 
m in ing ,  Nationa l  Coal Board 
Location (s) :  Eng land 
Nationa l  Coa l  Board . Design of M ine  Layout, with 
Reference to Geological  and Geometrica l  Factors . 
M in ing  Department of Working Party Report, 1 972 ,  
52  p .  
Keyword (s) :  m ine  des ign,  longwa l l ,  gro u n d  
control ,  pred iction, mon itor ing methods, geologic 
features, coa l  m in ing ,  Nationa l  Coal Board 
Location (s ) :  Eng land 
N ationa l  Coal  Board . The Treatment of  Disused 
M ine  S h afts and  Adits . N ationa l  Coal Boa rd,  M in ing  
Department, 1 98 2 .  
Keyword (s) :  N ationa l  Coal Board ,  a bandoned 
m ines,  recla m ation , coal m in ing  
Location (s) : Eng land 
N ationa l  Coal  Board, Divis iona l  Strata Control 
Research Committee, Durham and Northern (N and 
C )  Division s .  Memorandum on the  Design of  Mine 
Workings to Secure Effective Strata Contro l .  
Transactions I nstitution o f  M i n i n g  Engineers, v .  
1 1 0, 1 950-5 1 , p .  252-27 1 a n d  2 73-278 . 
Keyword (s) :  g rou nd control ,  m ine design ,  coal 
m in i ng ,  Nationa l  Coal  Board 
Location (s) : Eng land 
- Nationa l  Coa l  Board, Divis iona l  Strata Control 
Research Committee,  Du rha m  and Northern (N and  
C)  Division s .  Report on the  Effects of  Workings i n  
Adjacent Seams Upon New Developments . 
Transactions I nstitution of M in ing  Engineers,  v .  
1 1 3 ,  1 953-54, p .  3 89-403 . 
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Keyword (s) : m u ltip le seam extraction , ground 
contro l ,  active m ines, Nationa l  Coa l  Board, coa l 
m in ing  
Location (s ) : Eng land 
N ationa l  Coal  Board , Min ing Research 
Estab l ish ment.  Strata Contro l on Longwal l  Faces . 
Bu l leti n 1 0, 1 965 ,  1 1  p .  
Keyword (s) : coa l m in ing ,  Nationa l  Coal  Board ,  
active m ines, longwa l l  
Location (s) : Eng land 
Nationa l  Coa l  Board, Production Department.  
S u bsidence Eng ineers ' Handbook .  1 966, 1 1 8 p .  
Th is handbook presents a systematic d iscussion 
of subsidence and subsidence parameters derived 
from empirica l  data . It inc l udes a scheme for us ing 
these parameters for  su bsidence prediction in  G reat 
Brita in . 
Keyword(s) : eng ineering ,  prediction ,  t ime 
factor, su rvey methods, g round contro l ,  Nationa l  
Coa l  Board, coal  m in ing 
Location (s ) : Eng land 
Nationa l  Coa l  Boa rd,  Production Department.  
Su bsidence Eng ineers ' Handbook .  1 975,  1 1 1  p .  
Various aspects of su bsidence eng ineering are 
deta i led, inc lud ing prediction methods, subsidence 
mechan ics, and  structu ra l precautions aga inst 
subsidence damage .  
Keyword(s) : prediction ,  surface structu ral 
damage, horizonta l  d isplacement, structural 
m itigation,  land mitigation , eng ineering ,  vertica l  
d isp lacement, subsurface structural damage, 
surface water, g round control ,  descriptive theories, 
angle of draw, longwal l ,  t ime factor, Nationa l  Coal 
Board, coal min ing 
Location (s) : Eng land 
Nationa l  Coal Board , Regiona l  S u bsidence Eng ineer­
ing Services . Subsidence Eng ineers ' Report on 
Eastwood Ha l l . Nottingham,  Eng land,  1 970 .  
Keyword (s) :  Nationa l  Coal Board, coa l m in i ng ,  
surface structu ral damage 
Location (s) :  Eng land 
Nationa l  Coal  Board, Regiona l  S u bsidence 
Eng ineering Services . Subsidence Eng ineers • Report 
on Ransom Hospita l .  Nottingham,  Eng land,  1 97 0 .  
Keyword(s ) :  Nationa l  Coal Board, coa l m in i ng ,  
surface structural damage 
Location (s) :  Eng land 
Nationa l  Coal  Board, Reg iona l  Su bsidence 
Engineering Services . Subsidence Eng ineers 1 Report 
on the Vedonis Kn itwear Factory at Watna l l  Road,  
Huckna l l .  Nottingham,  Eng land ,  1 972 . 
Keyword (s) : su rface stru ctura l  damage,  
Nationa l  Coa l  Board, coa l  min ing 
Location (s) : Eng land 
Nationa l  Research Counci l .  Coal Min ing and G round­
Water Resou rces in the Un ited States . Nationa l  
Academy Press, Wash in gton , D .C . ,  1 98 1 ,  1 93 p .  
Th is report examines the expansion and 
geograph ical red i rection of  coa l m in ing  now 
occurri ng  in the United States, its effects on g round  
water, and the  environmenta l and socioeconomic 
impacts of those effects . The term "effece is u sed 
in reference to the changes in  groundwater re­
sou rces that resu lt d i rectly from a m in ing  activity .  
The  term "impact" refers to  the  ensu ing  environ­
mental and socioeconomic consequences of the 
groundwater changes . Coal m in ing  is examined as 
one of many competing  uses for the nations ' s  
groundwater resources . The report addresses 
groundwater use,  g roundwater su ppl ies and 
avai lab i l ity, princip les that govern the fun ction i ng  
o f  hydrogeologic systems,  and the  institutiona l  
framework for  groundwater a l location . 
Keyword (s} : coa l m in ing ,  subsurface water, 
hydrology, envi ron ment, active mines, abandoned 
mines, inflow 
Location (s} :  Un ited States 
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Nawar, G .  Qua l ity Assu rance for Bu i ld ings in 
G round  Movement Areas .  I N :  Proceedings, 
I nternationa l  Association of Br idge and Structura l 
Eng ineers ,  Symposiu m  on Safety and Qual ity 
Assurance of Civi l  Eng ineering Structu res, Tokyo, 
1 986 ,  p .  1 97-205 . 
I dentification and quantification of the risk of 
damage to su rface structu res in areas l iable to 
m in i ng  subsidence are stud ied . R isk is quantified 
with a p robab i l istic component, which is related to 
previous  m in ing  practice, and a determin istic com­
ponent, which considers the relation between sub­
s idence and  consequent damage . Acceptable risk ,  
r isk  management, and r isk  reduction to ach ieve an 
acceptable level of performance are considered . 
Keyword (s ) :  surface structu ra l damage, coal 
m in i ng ,  non-metal  m in ing ,  m u lt ip le-seam extraction , 
foundations, construction 
Location (s) : Austra l ia  
N awrot, J.  R. ,  R .  J .  Haynes,  P .  L .  Pu rsel l ,  J .  R .  
D 'Antu ono,  R .  L .  S u l l ivan ,  W .  D .  Kl imstra . I l l i nois 
Lands Affected by Underground Min ing for Coal . 
Cooperative Wi ld l ife Research Laboratory, Southern 
I l l i no is  U n ivers ity, Carbondale, 1 977 .  
Th i s  report i ncludes a county-by-county 
inventory of abandoned u nderground mine s ites in  
I l l ino is  and  an assessment of  environmental 
problems associated with each . Mine locations are 
shown in the append ices . 
Keyword (s) :  abandoned mines,  environ ment, 
reclamation ,  coal m in ing  
Location (s) : I l l i nois,  I l l i nois Coal Bas in ,  Un ited 
States 
Neate, C .  J . ,  B. N .  Wh ittaker. I nf luence of Proximity 
of Longwal l  M in i ng  on Strata Permeabi l ity and 
G round  Water. IN :  Proceedings, 20th U . S .  
Symposiu m  o n  Rock Mechan ics, Austi n ,  TX, June  
4-6, 1 979 ,  Un ivers ity of  Texas, p .  2 1 7-224. 
M in i ng  subsidence aris ing from longwal l  
extractions produces appreciable g round stra in in 
the overly ing strata . The ground stra ins caused by 
m in ing  produce changes in in s itu permeabi l ity that 
are of specia l  importance when working under 
aqu ifers and su rface bodies of water .  The paper 
describes the design and insta l lation of test equ i p­
ment to i nvestigate changes in in s itu permeabi l ity 
and  groundwater conditions .  Resu lts are presented 
and d iscussed on the changes produced by the 
approach of a longwa l l  coa lface . 
Keyword (s} : longwal l ,  subsurface water, 
su rface water, hydrology, rock mechan ics, coa l 
m in i ng ,  instru mentation ,  geologic featu res, 
mon itoring equ ipment, mon itor ing design ,  
mon itor ing methods, i nflow 
Location (s) : Un ited Kingdom 
Neighbors, R. J . ,  R .  E .  Thompson . S u bsidence in  
the Houston-Galveston Area of  Texas . I N :  Land 
Su bsidence, Proceedings 3 rd I nternationa l  
Sympos ium,  Ven ice, Italy, March 1 9-25,  1 984, A . I .  
Joh nson , L .  Carbogn in ,  and L .  Uberti n i ,  eds . ,  
I nternationa l  Association of Hydrological  Sc iences 
Pu bl ication No .  1 5 1 ,  1 986,  p .  785-7 9 3 .  
The withdrawal of large quantities o f  g round­
water in  the Houston-G alveston area of  Texas has  
resu lted in  decl ines in  excess of  75 meters in  the 
potentiometric surface in  the Ch icot aqu ifer and  
1 00 meters in  the Evangel ine aqu ifer from 1 943 to 
1 97 7 .  These decl ines have caused subsidence in  
excess of  3 . 0  meters to occu r  in  the a rea . 
Keyword {s) : f lu id extraction , hydrology 
Location (s) : Texas, United States 
Nelson, A. Min ing  Subsidence and S u rface Damage.  
I ron and Coal  Trades Review, v .  1 54, March 2 8 ,  
1 947, p .  5 1 7-5 1 9 . 
Keyword {s) : coal m in ing ,  surface subsidence 
damage 
Nelson,  A. Floor Movements and Their  Contro l .  I ron 
and Coal Trades Review, v .  1 54,  n o .  4 1 36 ,  1 947, 
p .  1 2 1 1 - 1 2 1 4. 
Keyword (s) :  floor stabi l ity, coa l m in ing  
Nelson , A .  G round Movements due to  M in i ng .  
Canadian Min ing Journat v .  85 ,  n o .  6 ,  June ,  1 964, 
p. 69-73 . 
This paper discusses factors affect ing 
subsidence such as min ing methods, type of 
overburden , and the infl uence of fau lts . Damage to 
surface structu res is  described , and foundation 
construction to l imit subsidence damage is briefly 
covered . 
Keyword {s) : surface subsidence damage,  
overbu rden , surface structural damage, 
foundations, geologic featu res 
Location (s) :  Canada 
Nelson,  W.,  K.  C .  Fah rn i .  Caving  and Su bsidence at 
the Copper Mou ntain Mine . Canadian I nstitute of 
Min ing  and Meta l l u rgy Transactions Bu l letin ,  v. 43 , 
1 950, p .  2- 1 0 . 
Keyword (s ) :  meta l m in ing  
Location (s) : Canada 
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Neu bert, K.  The Effects of Distu rbance of the 
Equ i l ibri u m  of the Rock Mass Occasioned by Min ing 
in the Saxony Coalfield . I N :  Proceedings, European 
Congress on G round  Movements, Leeds, Eng land,  
Apr i l  9 - 1 2, 1957 ,  London Harrison , p .  1 67- 1 75 .  
Keyword (s} : overburden , surface subsidence 
damage, coal  m in ing  
Location (s) : Eng land 
New South Wales Coa l  Association . Mine 
S u bsidence : A Commun ity I n formation Booklet .  
Jointly pub l ished by New South Wales Coal 
Association , Department of Minerals and Energy, 
and the M ine  Subsidence Board of Austra l ia ,  
September 1 98 9 ,  32  p .  
Preparation of th is booklet was u ndertaken to 
increase commun ity awareness and discussion 
concern ing  underground min ing  and surface 
su bsidence, thereby a l lowing better informed 
decis ions concern i ng  the management of va luable 
coal resou rces and the land surface above them . 
Keyword (s} : coal  m in ing ,  vertical d isplacement, 
h orizonta l d isplacement, land-use plann ing ,  su rface 
structural damage, longwa l l ,  room-and-pi l lar,  
shortwa l l ,  overburden 
Location {s) : Austra l ia 
Newha l l ,  F .  W . ,  L. N.  Plein .  S u bsidence at 
Merrittstown Air S haft Near Brownsvi l le ,  
Pen nsylvan ia . Transactions, A I M E, v .  1 1 9 ,  1 93 6, p .  
5 8-94.  
Effects of  subsidence on a concrete-l ined a i r  
shaft were mon itored by surface survey . The 
factors of geolog ic condit ions, m in ing  methods, and 
survey tech n iques are discussed . 
Keyword (s) : subsurface subsidence damage, 
subsurface structu ral damage, su rvey methods, 
geologic features 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Newman ,  D. A. Coal M ine  G rou nd Contro l :  The 
Effect of G eology. American Association of 
Petro leum Geologists Bu l letin ,  v .  67,  no. 9 ,  1 983 . 
Keyword (s ) :  g round control ,  coal m in ing ,  
geologic featu res 
Location (s ) :  Un ited States 
Newman,  D. A. A Mod ified Version of the 
G eomechan ics Class ification for Use in 
Underground  Coal M ines . I N :  Proceedings 2nd 
Conference on G round Control Problems in  the 
I l l i nois Coa l Bas in ,  May 1 985 ,  Y. P .  Ch ugh ,  ed . ,  
Southern I l l i nois Un iversity, Carbondale, p .  64-7 1 . 
The Geomechan ics Classification { Bien iawski 
1 979 )  was modified for use in  undergrou nd room­
and-pi l lar  coa l m ines th rough the i ntroduction of 
adjustment mu ltip l iers for strata weatherabi l ity, h igh  
horizontal stresses, and the  roof support reinforce­
ment factor. S ixty-two case h istories of stand ing 
and fa l len mine roof were col lected from two 
mines .  Each case h istory consisted of th i rty-two 
eng ineering  and geological parameters . Part ia l  
correlation ana lysis was conducted on the cases to 
determine wh ich parameters have a s ign if icant 
impact upon the supported stand-up t ime of coal 
mine roof . 
Keyword {s) :  grou nd contro l ,  coa l m in ing ,  room­
and-pi l lar, mine safety, prediction , geologic features 
Location {s) :  Appalach ian  Coal Region , Un ited 
States 
Newman,  D .  A. Automated Data Acq u isit ion 
System for Remote Mon itor ing of Pi l lar and Roof 
Deformation on a Longwal l  Panel . S M E  Preprint 
88-64, for presentation at the S M E  An n u a l  
Meeting ,  Phoen ix, AZ, January 25-28 ,  1 98 8 ,  5 p .  
The pu rpose o f  th is research is  t o  examine the 
post-fa i l u re behavior of coa l as a mass and examine  
the relationsh ip  between the  resu lts of  th is  study 
and prior laboratory investigations of the post­
fa i l u re behavior of coal as a materia l . I nstru men­
tation to measure changes i n  stress and defor­
mation was placed in a headgate yield p i l lar  and wi l l  
be  mon itored as the  face passes the  area . A battery 
powered , automated data acqu isition system ,  
capable o f  record ing up  to 9 ,000 data points, i s  
cu rrently used to remotely mon itor changes i n  
vertica l  a n d  horizontal p i l l a r  stress . 
Keyword {s) : coal m in ing ,  longwal l ,  
instrumentation , p i l l a r  strength , roof stabi l ity, 
mon itori ng equ ipment, mon itoring insta l lation , 
mon itor ing methods, yield ing su pports, lab testi ng ,  
in situ test ing 
Location {s) : Un ited States 
Newton ,  J .  G . , L .  W. Hyde . S inkhole Problem in  
and Near  Roberts I ndustria l  Subd ivision , 
Birmingham, Alabama .  Geological Su rvey of 
Alabama Circu lar  68,  1 97 1 ,  42 p .  
Keyword {s) : geologic featu res 
Location {s) : Alabama, Un ited States 
Newton,  J .  G .  I nduced S inkholes--A Conti nu ing  
Problem Along Alabama Highways . I N :  Proceedings 
2nd I nternational  Symposiu m on Land S u bsidence, 
Anaheim, CA, IAHS-A IHS Publ ication No. 1 2 1 ,  
December, 1 976,  p .  453-463 . 
2 7 5  
Keyword {s ) :  su rface su bsidence damage, roads 
Location (s} :  Alabama, Un ited States 
Newton , J .  G .  S i nkholes Result ing from Ground­
Water Withdrawa ls in Carbonate Terranes--An 
Overview . I N :  Man- Induced Land Subsidence, 
Reviews i n  Eng ineering  Geology VI, Geological  
Society of America,  1 984, T . L .  Holzer, ed . ,  p .  
1 95-202 . 
Nu merous  s inkholes resu lt ing from decl ines in 
the water table due to groundwater withdrawa ls in  
carbonate terranes have occurred in  the eastern 
Un ited States and e lsewhere . In Alabama a lone,  it 
is  estimated that more than 4,000 of these s ink­
h oles, a reas of subsidence, or related features h ave 
formed s ince 1 900. Almost a l l  occur where cavities 
develop in res idua l  or other unconsol idated deposits 
overlying open ings in carbonate rocks . 
Keyword (s) : f lu id  extraction 
Location {s} :  Alabama, Un ited States 
Newton ,  J .  G .  Review of I nduced Sin khole 
Development.  I N :  S inkholes : Their  Geology, 
Eng ineering ,  and Environ menta l I mpact, Proceed ings 
1 st M u lt idiscip l i nary Conference on S inkholes, 
O rlando, 1 984, 8 . F .  Beck, ed . ,  Ba lkema, 
Rotterdam,  p. 3-9 . 
I nduced s inkholes are those caused or 
accelerated by h uman activity . They are d ivided 
into two types : those resu lting from a decl ine of 
water level due to pumpage and those resu lti ng 
from construction . Almost a l l  occur  where cavities 
develop in u nconsol idated deposits overlying  
open ings in  carbonate rocks . Triggering  mech an­
isms resu lt ing from water level decl ines are loss of 
buoyant support, increase in water velocity, water­
level fl uctuations,  and induced recharge.  Those 
resu lt ing from construction inc lude p ip ing,  
saturat ion ,  and load in g .  
Keyword {s) : geologic features, fl u id  extraction 
Location {s) : Un ited States 
Newton , J .  G .  Natu ra l and I nduced S inkhole 
Development in  the Eastern Un ited States . I N :  Land 
Su bsidence, Proceedings 3rd I ntern ationa l  
Sympos ium,  Vehice, I ta ly, March 1 9-25, 1 984, A . I .  
Joh nson ,  L .  Carbogn i n ,  and L .  Ubertin i ,  eds . ,  
I nternationa l  Association Hydrolog ical Sciences 
Pub l ication No .  1 5 1 ,  1 986 ,  p .  549-564. 
Deta i led investigations of s in khole occu rrence 
h ave been previously l imited to Alabama and 
M issouri .  A recon naissance-type investigation of 
this occu rrence in the eastern Un ited States was 
made i n  1 98 1  to reg iona l ize previous fi nd ings .  
About 850 s ites, at which an est imated 6,000 
s inkholes h ave occu rred , were identified in 1 9  
states . 
Keyword (s} : geolog ic features, flu id  extraction 
Location (s} :  Un ited States 
Newton,  J .  G .  Development of S i nkh oles Resu lt ing 
from Man 1 s  Activities in  the Eastern Un ited States . 
U .S . Geological Survey Circu lar 968,  1 987 ,  54 p .  
Keyword (s) : geolog ic featu res 
Appa lach ian Coal Region , United States 
Neyman,  B. Z . ,  Z. Szecowka, W. Zu berek .  Effective 
Methods for F ighting Rock Bursts in  Pol ish 
Col l ieries.  I N :  Proceedi ngs 5th I nternationa l  Strata 
Control Conference, 1 972 ,  Paper No .  23,  9 p .  
Keyword{s) : g round contro l ,  room-and-p i l lar ,  
bumps, longwal l  
Location (s} :  Poland 
N ichol ls,  B .  P i l lar  Extraction on the Advance at 
Oakdale Col l iery .  I N :  Proceedings 1 st I nternationa l  
Conference on Stabi l ity in  Coa l  Min ing,  M i l ler 
Freeman Publ ishers, 1 978 ,  p .  1 82- 1 96 .  
Keyword (s} :  room-and-pi l lar, p i l l ar  extraction , 
coal m in ing  
N ieto, A .  S .  Evaluation of  Damage Potentia l  to  
Earth Dam by Subsurface Coa l M in ing  at Rend 
Lake, I l l i no is .  I N :  Proceedings 1 0th O h io R iver 
Va l ley Soi ls Seminar on Geotechn ics of M in i ng ,  
Lexington , KY, 1 979 ,  p .  9- 1 8 . 
Presented are resu lts of a study undertaken to 
eva luate probable effects of past, impend ing ,  and 
futu re coa l-m in ing  activity at Rend Lake Dam and 
Reservoir, near  Benton,  I l l i no is .  
Keyword (s} : su rface structural damage, 
eng ineering,  geotechn ical ,  coa l m in ing ,  surface 
water, inf low 
Location (s} : I l l inois,  I l l i nois Coal Basin ,  Un ited 
States 
Nieto, A. S . , D. G .  Russel l . S i nkhole Development 
in Windsor-Detroit Solution M ines and the Role of 
Downward Mass Transfer in S u bsidence . I n  S itu , 8 ,  
1 984, p .  293-327 .  
Keyword (s ) :  non-meta l m in i ng  
Location (s} : Un ited States 
Nish ida,  R . ,  T. Esaki,  K. Aoki . Eva luation and 
Pred iction of  Subsidence in  Old Working  Areas and 
Practical Preventive Measu res Against Min ing  
Damage to  New Structures . I N :  Land S u bs idence, 
Proceedings 3rd I nternationa l  Symposiu m, Ven ice, 
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I ta ly, March 1 9-25,  1 984, A . I .  Johnson,  L.  
Carbogn in ,  L .  Uberti n i, eds . ,  IAHS Publ ication 
No. 1 5 1 ,  1 986,  p. 7 1 7-725 . 
The sh ortage of adequate construction sites h as 
compel led many engineering  structu res to be 
p lanned in old m in ing  areas in Japan . Th is paper 
shows the characteristic of the excavated u nder­
g round  environment and necessary measures for 
the safety of su rface structu res . Where the depth 
of a m ined out area is relatively sha l low, there is a 
tendency of cave-i n  consequent to surface loadings .  
The effect of  surface load ing is inversely propor­
t iona l  to the depth of working .  I n  the case of heavy 
structures with l im ited a l lowable deformation ,  
specia l  p reventive measu res aga inst d ifferentia l  
subsidence must be taken into consideration . A 
power p lant p roject i s  studied as an example .  
Keyword (s) :  prediction,  surface structura l 
damage,  construction , abandoned mines,  
subsurface water, fin ite element, model i ng  
Location (s ) :  Japan 
Nish ida,  T. ,  K .  Goto . On the Relationsh ip  Between 
the G eological  Distu rbance and S u rface Movement 
Due to M in i ng  Excavation . Research I nstitute of 
Science and I ndustry, Report 27, 1 960, Kysh u  
U n ivers ity, Japan ,  p .  66-72 .  
Keyword (s) : surface subsidence damage 
Location (s) : Japan 
N ish ida ,  T .  M in ing  Subsidence .  Research I nstitute 
of Science and I ndustry, Kyushu  University, Japan,  
Report 3 2  , 1 962,  p .  1 -74 ( in  Japanese} . 
Location (s) :  Japan 
N ish ida,  T . ,  K.  G otto . Damage to I rrigation Pond 
due  to M in ing  S u bsidence . I N :  Land Subsidence, 
Proceed ings I nternationa l  Sympos ium,  September 
1 4- 1 8 , 1 969,  Tokyo, IAHS Publ ication 89, v .  2 ,  p .  
496-50 1 .  
Keyword (s) :  surface water 
N ish ida,  T . ,  N .  Kamed a .  On the Mechan ism of 
Caving- In  Due to M in ing  at a Sha l low Depth . 
Jou rna l  M in ing  & Meta l l u rgy I nstitute, Japan ,  v .  88 ,  
no .  1 0 1 8 , 1 972 ,  p .  8 63-868 ( in Japanese) . 
Keyword (s) : su rface subsidence damage 
N ish ida,  T.,  T .  Esaka, N. Kameda . A Development 
of the Base Fr iction Techn ique and its Appl ication 
to S u bsidence Eng ineering . I N :  Proceedings I n ter­
nationa l  Sympos ium on Eng ineering in Complex 
Rock Formations,  November 3-7,  1 986,  Beij i ng ,  
Ch ina ,  Pergamon Press . 
The base friction apparatus,  which is capable of 
supplying  compressed a ir  on  the surface of the 
model ,  can provide an appl ication of the s imi la rity 
between in situ and model behavior  of practica l  
rock structures . Th is paper describes a new base 
friction apparatus, wh ich has a stiff metal p late 
with u rethane rubber i nstead of an endless belt and  
a latera l load ing system . The  phenomena of  cave- in  
and surface subsidence in  sha l low coa l  m in ing  a re 
studied for a contin uous and a disconti nuous model . 
Keyword(s) : mode l ing ,  coal m in ing  
Location (s) : Japan 
Nix, J .  P .  Un usua l  D isturbances in  Bel levi l le ,  I l l i no is .  
Report to Most Rev . Albert Zuroweste, D . D . ,  
Bishop of Bel levi l le ,  I L, November 1 960, Joh n P .  
N ix  Structural Eng ineers, St .  Lou is,  MO . 
Evidence is qu ite positive that sifts, fractures , 
su bsidence, and other unusua l  d istu rbances h ave 
occurred and probably wi l l  contin u e  to occur in the  
Bel levi l le area . Many of  the  d istu rbances i nvolve 
subsidence of the bedrock strata and are probably 
associated with su bsidence of the coa l  m ines that 
underl ie a la rge part of the a rea . 
Keyword (s) : surface structural damage, 
abandoned mines, coa l m in ing ,  foundations,  . 
arch itectu re, construction ,  geologic features 
Location (s) : I l l i nois,  I l l ino is Coal Basin ,  Un ited 
States 
Nogush i ,  T . ,  R .  Takahash i ,  U. Tokumitsu . Smal l  
S inking  Holes in Limestone Area with S pecia l  
Reference to Dra inage of Coal M ines .  I N :  Lan d  
Subsidence, Proceedings I nternationa l  Symposium,  
September 1 4- 1 8 , 1 969,  Tokyo, IAHS Publ ication 
89, v .  2 ,  p. 5 1 2-522 . 
Keyword (s ) :  hydro logy, coa l m in ing  
Norman,  J .  W .  The Photogeolog ical  Detection of 
Unstable Groun d .  Journal  I n stitute H ighway 
Engineers,  February, 1 970, p. 1 9- 2 2 .  
Keyword (s ) :  photography, remote sensing ,  
instru mentation 
Norman,  J. W ., I .  Watson . Detection of S u bsidence 
Condit ions by Photogeology . Eng ineering  G eology, 
v. 9,  no. 4, 1 975,  p. 359-38 1 .  
Keyword (s) :  flu id extraction ,  photography, 
instrumentation,  remote sensing 
Norris ,  R.  V .  Surface Support .  Transactions,  A I M E, 
v. 88,  1 930, p .  98- 1 0 1 . 
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Th is paper is an  introduction to the art ic le 
entitled , "Su bsidence from Anthracite Min ing , "  by 
H. W .  Montz . The author discusses th ree problems 
of su rface support and suggests methods that 
wou ld l im it su rface subs idence . 
Keyword (s) : backfi l l i ng ,  m ine design ,  anth racite, 
coal m in i ng  
Location (s ) : Un ited States 
North , C .  S u rface S ubsidence Occasioned by Mine­
Workings .  Transactions I nstitute Mine Surveyors, v .  
1 4, 0ctober, 1 93 7 ,  1 8 p .  
Keyword (s ) : su rface su bsidence damage 
N orth ,  F .  J.  Some G eological  Aspects of 
S u bsidence Not Due  to Min ing . I N :  Proceedings 
South Wa les I n stitute Eng ineers, v. 75 ,  no .  3 ,  
1 95 2 ,  p .  1 27- 1 58 .  
Keyword (s ) : geologic featu res 
North of Eng land Safety in M ines Research 
Committee .  7th Progress Report of an  Investigation 
i nto the Cause of Fa l ls  and Accidents Due to Fal l s .  
Transactions I nstitute of  M in ing  Eng ineers, v .  1 08 ,  
1 949,  p .  489-5 1 0 . 
Keyword (s) : roof stab i l ity, roof support, mine 
safety 
Location (s ) : Eng land 
North , P .  G . ,  R .  P.  Ca l lagahan . Subsidence 
Associated with M in ing  at Mt.  Lyel l .  I N :  
Proceedi ngs, New Zealand Conference,  Austra lasian 
I n stitute of M in i ng  Meta l l u rgy, Un iversity of 
Auck land,  May 1 9-23,  1 980, p .  1 93-203 . 
Keyword (s) : su rface subsidence damage 
Nottram,  C .  Some Notes on Roof S u bsidence . 
Col l iery Guard ian , v. 1 48 ,  1 934, p .  90 1 -903 . 
The a uthor d iscusses bending and fractu ring  of 
roof strata, inc lud ing the influence of the rate of 
face advan ce u pon  the shape and fai l u re of the 
roof . 
Keyword {s} :  roof stab i l ity 
N u n ez ,  0 . ,  D. Escoj ido.  Su bsidence in the Bol ivar 
Coast . I nternationa l  Association Hydrological  
Sciences Pub l ication 1 2 1 ,  1 977,  p.  257-266.  
Keyword {s) : hydrology 
O ' Beirne, T. J . ,  J .  Shepherd .  The Fa i l u re of Coal 
Pi l lar R ibs and Possib le Methods of Control . I N :  
Austra l ia/New Zea land Conference on Geomechan­
ics, Perth , Austra l ia ,  May 1 984, I nstitute of  Eng i­
neers, Barton,  p .  66 1 -667 . 
Keyword (s } :  m ine  desig n ,  ground contro l ,  p i l l a r  
strength , coal min ing 
Location (s} : Austra l ia  
O ' Connor, K. M . ,  J .  E .  O ' Rou rke, J .  Carr .  I nf luence 
of Rock D iscontin u ities on Coal Mine S u bs idence . 
U . S .  Bureau of Mines Min ing  Research Contract 
Report, Contract No. JO 1 00087,  September, 1 983,  
1 1 1  p .  p l us  appendices . 
Th is report documents the process of l iteratu re 
review, site selection ,  instru ment insta l lation , data 
acqu isition , and prel im inary data reduction per­
formed to eval u ate the i nfluence of rock mass 
d isconti nu ities on coal mine subsidence . A system 
of surface, subsurface, and mine level i nstrumen­
tation was insta l led at a mine in  West Virg in i a ,  
where the  overbu rden varied in  th ickness from 630 
to 1 ,040 feet . 
Keyword (s) : coal m in ing ,  instru mentation,  
mon itori ng methods, mon itoring  equ ipment, 
geolog ic featu res, overburden , su rvey methods, 
survey equ ipment, survey data processi ng ,  in situ 
testing ,  longwa l l ,  active mines 
Location (s} :  West Virg in ia ,  Appalach ian Coal  
Region , Un ited States 
O ' Connor, K. M . ,  C. H .  Dowdin g .  Appl ication of 
Time Domain Reflectometry to M in ing . I N :  Rock 
Mechan ics in Productivity and Protection , 
Proceed ings 25th Sympos ium on Rock Mechan ics, 
Northwestern Un iversity, Evanston , I L, June  25-27,  
1 984, C . H .  Dowding and M . M .  S ingh ,  eds . ,  S M E­
A I M E, New York, p .  737-746 . 
Examples are presented in which Time Domain 
Reflectometry (TOR) was employed to locate 
deformation in rock masses induced by m in in g .  The 
fi rst example involved mon itoring the propagation of 
overburden fractures above a longwal l  coal panel  
and the second example involved the use of TOR to 
mon itor rock mass deformation i n  the v ic in ity of a 
strip mine h ighwal l . Rock mass deformation , strata 
separation and large block movement generated 
stra ins  and fa i l u re a long coaxia l  cab les which were 
insta l led in dri l l  ho les and the TOR reflections 
generated by these stra ins and fa i l u res were 
mon itored . Ana lysis of fie ld data and a pre l im inary 
laboratory test ind icate that it may be possib le not 
on ly to locate rock mass movements but a lso to 
quantify these movements with TOR data . 
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Keyword (s } :  mon itori ng  methods, mon itor ing 
equ ipment, i nstrumentation ,  longwa l l ,  coa l m in ing ,  
overburden 
O ' Connor, K.  M. Distinct Element Model ing and 
Analysis of M in i ng- I nduced S u bsidence . Ph . D .  
Dissertation , Northwestern University, Evanston,  I L, 
1 9 88,  1 75 p .  
A hybrid two-dimensional  d ist inct element 
model  h as been developed by combin ing  the 
N orthwestern Un iversity R ig id Block Model with the 
Rigid Block Model developed by Peter Cundal l .  A 
specific case of subsidence induced by longwal l  
m in i ng  in  West Virg i n ia was s imu lated with th is 
model as an example app l ication . 
Keyword (s} :  coal m in ing ,  mode l ing ,  computer, 
longwa l l ,  rock mechan ics, eng ineering ,  geologic 
featu res,  geotech n ica l ,  i nstrumentation ,  monitori ng  
methods, vertical  d isplacement, horizontal 
d isp lacement 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
O ' Con nor, K.  M . ,  C. H .  Dowd ing .  Hybrid Discrete 
E lement Code for S imu lation of Min ing- Induced 
Strata Movements . I N :  Proceedings 1 st U . S .  
Conference o n  Discrete E lement Methods, G . G .W .  
Mustoe, M .  Hen riksen , and H . P . Huttelmaier, eds . ,  
Colorado School of M ines Press, 1 989 ,  1 0  p .  
Keyword (s) :  mode l ing ,  overburden 
Location (s} : Un ited States 
O ' Connor, K.  M . ,  C. H .  Dowd ing ,  M .  B. S u .  
Mon itorin g  Rock Mass Deformation Using  Time 
Domain Reflectometry . I N :  Proceedings I nternationa l  
Conference, Su rface Crown Pi l l a r  Eva l uation for 
Active and Abandoned Metal Mines, Timmins,  
Ontario, Canada,  November 1 5- 1 7 , 1 98 9 ,  M .C .  
Betou rnay, ed . ,  p .  1 23- 1 32 .  
Keyword (s } :  mon itori ng  methods, mon itor ing 
equ ipment, overburden 
O ' Connor, K .  M. Comparison of Min ing- Induced 
Disp lacement of the G round Su rface and Residentia l  
Structu res . I N :  Proceedings, 3rd Conference on 
G round  Control Problems i n  the I l l i nois Coal Basin ,  
Mt.  Vernon,  I L, August 8- 1 0, 1 990, Y. P .  Chugh ,  
ed . ,  Southern I l l i no is Un iversity, Carbondale,  p .  
30 1 -3 1 0 . 
Residential  structu res located over cha in  p i l l a rs 
of two longwa l l  panels as wel l  as prototype 
structu res constructed over the center l i ne  of a h igh  
extraction retreat mine were mon itored i n  
conjunction with ground surface displacements . 
Plots have been developed to i l l ustrate the dynamic  
d isplacement fields induced by h igh  extraction 
m in ing  and the spat ia l  variation of computed slope 
and curvature profi les provides some explanation 
for confl ict ing pu bl ished resu lts relative to ground 
curvatu re and structure curvatu re . Computed va l ues 
of angu lar d istortion and deflection ratio for the 
ground and structures are compared with pub l ished 
criteria for cracking of u n re inforced masonry wal ls . 
It was found that the angu lar  d istortions for a l l  
cases were consistent with the su perstructure 
cracks observed or reported, wh i le  the deflection 
ratios were consistent with the foundation cracks 
observed or reported . 
Keyword (s) : surface structu ral damage, coal  
m in ing ,  active mines, h igh-extraction retreat, 
longwal l ,  fou ndations, mon itorin g  methods, 
mon itor ing des ign,  su rvey des ig n ,  survey data 
processing  
Location (s ) :  I l l i nois ,  I l l i no is Coa l  Basin ,  Un ited 
States 
O ' Connor, K. M . ,  C. H .  Dowding . Dist inct E lement 
Model i ng  and Analysis of M in ing- I nduced 
Subsidence . Rock Mechan ics and Rock Eng ineeri n g ,  
v .  25 ,  no .  1 ,  January-March 1 992 ,  p .  1 -24 .  
The  i nfluence of  rock d iscontin u it ies on m in i ng­
induced su bsidence is addressed i n  th is paper .  A 
two-d imensional  r ig id block computer model was 
used to s imu late d iscontin u ities with i n  strata over­
lying a longwa l l  coa l m ine .  
Keyword (s) :  longwa l l ,  coal m in i ng ,  model i ng ,  
computer, horizonta l  d isp lacement, vertical 
disp lacement, instrumentation , overburden , geologic 
featu res 
Location (s) : West Virg in ia ,  Appa lach ian  Coal 
Reg ion,  Un ited States 
O' Donah ue,  T. A. Su bsidence Caused by Coa l 
Min ing . Col l iery G uard ian ,  v. 1 39 ,  1 929 ,  p .  1 77 1 -
1 773 ,  p .  1 872- 1 875 . 
This paper inc ludes observations of su bsidence 
over steeply slop ing seams . 
Keyword (s ) :  ang le of draw, su rface structu ra l 
damage, coal m in ing ,  geologic featu res 
O ' Riordan,  N. J . ,  K.  W. Cole, D. J .  Hen ke l .  Col­
lapses of Abandoned Limestone M ines i n  the West 
Mid lands of Eng land .  I N :  Proceedings,  I nternationa l  
Society for Rock Mechan ics Sympos ium on Des ign 
and Performance of Underground Excavations, � 
Cambridge, Eng land,  September, 1 984, E .T .  Brown 
and J .A .  Hudson,  eds . ,  British Geotechn ical 
Society, London , p .  40 1 -408 . 
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Keyword (s) :  abandoned mines, non-metal 
m i n i ng 
Location (s) :  Eng land 
O ' Rou rke, J .  E . ,  R .  M.  Mabry, B .  B .  Ranson , K.  
O ' Connor .  S u bsidence Mon itoring  Systems for 
Undermined Areas .  Department of Energy contract 
ET-76-C-0 1 -9 1 23,  Woodward-Clyde Consu ltants ,  
1 97 7  I 304 p .  (NTIS FE/9 1 23- 1 )  
Major app l ications and specifications of 
su bsidence mon itoring  systems are reviewed, and 
the relevant  data measu rements for  a cost-effective 
mon itori ng  program are identified for each . Seven 
sets of measu rements are formal ized as i nd iv idua l  
measurement systems . Avai lab i l ity, cost, and ease 
of u se are l isted for more than 1 00 potent ia l ly use­
fu l i nstruments .  
Keyword (s) :  mon itoring design ,  monitoring 
i nsta l lation , mon itor ing equ ipment, survey methods, 
survey equ ipment, economics, i nstru mentation 
Location (s) : Un ited States 
O ' Rou rke, J .  E. Design and Demonstration of 
S u bsidence Mon itoring  Systems . Report on U . S .  
DO E Contract/Grant no .  ET-78-C-0 1 -3436, 
Woodward-Clyde Consu ltants, San Franc isco, CA, 
October 1 97 8 ,  4 p. ( NTIS TI D-290 1 6) 
Design and  demonstration of a subsidence 
mon itor ing system is briefly out l ined, and the 
resu lts expected are tabu lated . 
Keyword (s) :  i nstrumentation ,  mon itori ng 
methods, mon itor ing design 
Location (s) : Un ited States 
O ' Rou rke, J .  E . ,  B. B. Ranson , K. O ' Connor, R .  M .  
Mabry .  I nstru mentation Systems for M in ing  
Su bsidence.  IN :  Eval uation and PreCJ iction of 
S u bsidence, Proceedings I nternationa l  Conference, 
Pensacola Beach , FL, January 1 5-20, 1 978 ,  S . K. 
Saxena,  ed . ,  ASCE, New York, 1 979 ,  p .  1 54- 1 68 .  
Th is  paper i s  based o n  a research project 
carried out by Woodward-Clyde and sponsored 
by the US BM . Its purpose is to faci l itate subsidence 
mon itoring  for m ine  operators, surface users, and 
regu latory agencies by provid ing gu idel i nes to 
he lp  them select appropriate, low-cost accurate 
i nstru mentation su ited to their ind ividua l  su bsidence 
problems.  Because no s ing le  instru mentation pro­
g ram wi l l  satisfy a l l  subsidence problems, seven 
mon itori ng  programs were developed . Each 
consists of one or more measu rements with 
specifications and deta i led descriptions of the 
su itab le i nstrumentation . 
Keyword (s } :  instru mentation , prediction,  
monitoring equ ipment, mon itoring  desig n ,  
mon itor ing methods, law, surface structura l  damage 
Location (s) : Un ited States 
O ' Rou rke, J. E. I nstrumentation Plan for 
Characterization of Subsidence Over Longwa l l  
Min ing Panels at Al len Mine,  Weston , Colorado . 
1 980, 42 p .  (NTIS DO E/PC/3 0 1 1 7-T2) 
Keyword (s) :  instru mentation,  longwa l l ,  
mon itor ing design ,  mon itoring methods, mon itorin g  
equ ipment, active mines, coa l m in ing  
Location (s) : Colorado, Rocky Mou nta in  Coal  
Reg ion, Un ited States 
O ' Rourke, J .  E . ,  P. H .  Rey, K. O ' Connor .  Charac­
terization of Su bsidence Over Longwa l l  M in i ng  
Panel . F i na l  Report to  U .S .  Department of  Energy, 
Contract DE-AC22-80PC30 1 1 7 , 9/ 1 9/80-
9/ 1 9/82,  September, 1 982 ,  Woodward-Clyde 
Consu ltants, San Francisco, 1 80 p .  
This report docu ments the process of s ite 
selection , instrument insta l lation,  data acqu is it ion ,  
a n d  pre l iminary data ana lysis fol lowed to charac­
terize  the physical response of overlying  strata to 
longwal l  m in in g .  A system of surface, subsurface 
and mine level instrumentation was insta l led in 
Colorado where the overbu rden th ickness varied 
from 600 to 900 feet . Survey monuments, 
automatic-record ing stra in-meters, mu lti -point rod 
extensometers, inc l inometer-extensometers, 
stressmeters, and tape extensometer convergence 
stations were instal led to mon itor d isp lacements 
and stress changes .  A prel im inary ana lysis of the 
data acqu i red up  unti l project termination has 
shown the system to be operative and strata 
response to be s imi lar  to that reported for other 
su bsidence monitoring case h istories . Recom­
mendations for continued mon itor ing of the 
systems are presented . 
Keyword {s) : overburden , instru mentation ,  
mon itoring methods, mon itor ing equ ipment, 
horizontal disp lacement, vertical d isp lacement, 
su rvey methods, longwal l ,  coa l m in ing ,  active m ines 
Location (s ) :  Colorado, Rocky Mou nta in  Coal 
Reg ion,  Un ited States 
O ' Rourke, J .  E. Mon itoring S u bsidence in the West : 
Problems and Analysis . I N :  Proceedings ,  Workshop 
on Surface Subsidence Due to Underground M in ing ,  
Morgantown , WV, November 30-December 2 ,  
1 98 1 ,  S .S .  Peng and  M .  Harth i l l ,  eds . ,  Department 
of M in ing  Engineering,  West Virg in ia Un iversity, 
1 9 8 2 I p • 1 64- 1 7 9 • 
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This paper describes resu lts of a project for the 
design and demonstration of subsidence mon itoring 
systems, inc lud ing  descriptions of the instru menta­
tion systems, s ite conditions, problems of instal­
lation , resu lt ing recommendations, and subsidence 
data . 
Keyword (s) : mon itori ng  des ig n ,  mon itoring  
i nsta l lation,  mon itorin g  equ ipment, mon itor ing 
methods, su rvey methods, survey equ ipment 
Location (s) : Uta h ,  Rocky Mounta in  Coal Region , 
Un ited States 
O ' Rourke, J .  E . ,  K. M .  O ' Connor,  P. H .  Rey . I n stru ­
mentation Systems for S u bsidence Mon itoring  of 
Longwal l  Panels . I N :  State-of-the-Art of G round 
Control in  Longwal l  M in ing  and Min ing  Subsidence, 
S M E-AI ME, September, 1 982,  Y. P .  Chugh and M .  
Karmis,  eds . ,  p .  235-244. 
Th is  paper eva luates construction and moni­
tori ng  techn iques for specific geotech n ical i nstru­
mentation used to provide overburden and su rface­
su bsidence data . I nstrumentation for mon itori ng  
g round  and  subsurface deformations and mine- level 
stresses are d iscussed . 
Keyword (s) : mon itor ing equ ipment, mon itoring 
methods, mon itorin g  design ,  su rvey equ ipment, 
geotechn ica l ,  longwa l l ,  overburden , mon itori ng  
insta l lation , i nstru mentation , vertica l d isplacement, 
h orizonta l d isplacement 
Location (s) : Utah ,  Colorado, Rocky Mou nta in 
Coal  Reg ion ,  West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
O ' Rourke, J .  E. Mon itorin g  Su bsidence in the West. 
I N :  S u rface M in ing  Environmenta l  Mon itoring  and 
Reclamation Handbook, L.V .A .  Sendlein ,  et  a l . ,  
eds . ,  Coa l Extraction a n d  Uti l ization Research 
Center, Southern I l l i nois Un iversity, Carbondale, 
U . S .  Department of Energy Contract No .  DE  AC22 
80ET 1 4 1 46, Elsevier, New York, 1 983,  p .  
7 1 7-733 . 
I nstru mentation systems of demonstrated 
capabi l it ies are ava i lable for mon itor ing su bsidence 
over u n derground  coal  m ines,  and gu idel ines for 
specific programs and cost elements of the 
programs are given . Many of the objectives of 
acqu ir ing data that wil l  a id in  subsidence prediction 
model ing  are being met. A certa in  amount of 
g rou nd control data that wil l be fou nd usefu l to 
optim ize  mine design wil l resu lt from subsidence 
mon itoring  programs and can th us a id m in ing  
production , as wel l  as he lp  to  min imize su rface 
damage through improved mine plann ing  re lative to 
su bsidence effects . 
Keyword (s) :  mon itoring  methods, mon itori ng 
equ ipment, mon itor ing insta l lation ,  mon itoring  
design , instru mentation , vertical d isplacement, 
horizontal disp lacement, overbu rden 
Location (s ) :  Rocky Mounta in  Coal Region , 
Un ited States 
0 1 Rou rke, J .  E . ,  K. 0 1Connor .  Core Recovery of 
Soft or Poorly Consol idated Materia ls . I N :  
Proceedings Conference o n  Coal M ine  S u bsidence 
in the Rocky Mounta in  Region , Colorado S prin gs,  
October 28-30, 1 985,  J . L. Hynes, ed . ,  Colorado 
Geological Survey Special Publ ication 3 1 ,  
Department of Natural Resources, Denver, 1 986,  p .  
97- 1 1 1 . 
The problems of core recovery i n  soft or poorly 
consol idated materia l  are broad and encompass 
n umerous varieties of cond it ions and materia ls .  
Keyword (s) :  mon itor ing insta l lation,  overburden,  
geologic featu res 
Location (s) : Un ited States 
0 1 Rou rke, T. D . ,  S .  M .  Turner .  Lon gwal l  Subsidence 
Patterns :  A Review of Observed Movements, 
Contro l l ing Parameters and Empirical  Relationsh ips . 
U .S . Bureau of Mines, Geotechn ical Eng ineeri ng  
Report 79-6, 1 979 ,  School o f  Civi l  and  
Environ mental Eng ineering ,  Cornel l  Un ivers ity, 8 2  p .  
-Keyword (s) :  longwal l ,  geotechn ical  
Location (s) : Un ited States 
0 1 Rou rke, T. D . ,  S .  M .  Turner .  A Critical Eva luat ion 
of Coal Mining Subsidence Patterns .  I N :  
Proceedings, A I M E  Annua l  Meeting ,  New Orleans,  
1 97 9 .  
Keyword (s ) : coal m in ing ,  prediction 
Location (s ) :  Un ited States 
0 1 Rou rke, T. D . ,  S .  M. Turner .  A Critical Eva luation 
of Coa l Min ing  Su bsidence Pattern s .  I N :  
Proceedings, Geotech n ics of M in ing ,  Oh io  R iver 
Val ley Soils Semin ar, Lexin gton ,  KY, October 5 ,  
1 979 , p . 1 -8 .  
Th is paper examines subsidence patterns 
caused by longwal l  min ing in  both the Un ited States 
and the Un ited Kingdom . S pecial attention is 
di rected to the su bsidence pred iction charts that 
have been developed for m in ing  conditions in  the 
Un ited Kingdom . The reg ional  geologies in  several 
coal producing areas are surveyed and compared . 
Case h istories of min ing  subsidence are summarized 
with specia l  emphasis on latera l g round stra ins and 
su rface curvatu res . Consideration is extended to 
su bsidence associated with retreat p i l lar  m in in g .  
28 1 
Keyword (s) : longwal l ,  prediction,  coa l m in ing ,  
geolog ic  featu res, h igh-extraction retreat, p i l lar  
extraction 
Location (s} :  Un ited Kingdom, Un ited States, 
Pen nsylvan ia ,  West Virg i n ia ,  Virg in ia ,  Appa lach ian 
Coal Reg ion ,  I l l i nois,  I l l inois Coa l  Basin 
0 1 Rourke, T. D . ,  S .  M .  Turner.  Empirical Methods 
for I n vestigating  S u bsidence in U . S .  Coal F ie lds . I N :  
Proceed ings, 22nd  U .S .  Symposium o n  Rock 
Mechan ics, Massachusetts I nstitute of Technology, 
Cambridge, J u n e  28-Ju ly 2 ,  1 98 1 ,  p. 322-3 2 7 .  
Keyword (s ) :  coal m i n i n g ,  mon itoring  methods, 
subsidence research , empirical  model 
Location (s) :  Un ited States 
O berhausen,  J .  The Compression of Stope F i l l ings . 
School of M ines Quarterly, v. 26,  Apri l ,  1 905, p .  
2 7 1 -276 .  
Th is paper describes compressib i l ity of  f i l l  us ing 
data from a study at the Kaiser mine in  Germany.  
Keyword (s ) :  backfi l l i ng  
Location (s) : G ermany 
O bert, L .  Measurement of Pressures on Rock P i l lars 
in Underground M ines, Part I .  U . S .  Bureau of Mines 
R I  3444, 1 93 9-40. 
Th is report presents a laboratory method that 
u ses soun d  waves to determine pressure-velocity 
relationsh ips for smal l  rock columns .  Measurements 
a re g iven for 22 samples of varying materia ls .  
Keyword (s ) :  p i l l ar  strength, lab test ing 
Location (s) :  Un ited States 
O bert, L .  Measu rement of Pressu res on Rock Pi l lars 
in Underground  Mines .  U . S .  Bureau of Mines R I  
352 1 ,  1 93 9-40 . 
Th is report presents an in situ method of 
measuring  velocity of sou nd in rock mine p i l lars ,  
which was tested i n  a lead m ine .  Resu lts i ndicate 
that, due  to the formation of a pressure arch , the 
p i l l a rs were not under great enough pressure to be 
measu rable . Other test ing was performed on 
concrete p i l lars . 
Keyword (s ) :  in s itu testing,  p i l lar  stren gth , 
meta l m in i ng  
Location (s) : Un ited States 
O bert, L . ,  S .  L. Windes, W. I .  Duva l l .  Standardized 
Tests for Determ in ing  the Physical Properties of 
M ine  Rock. U . S .  Bureau of M ines RI 3 8 9 1 ,  1 946, 
67  p .  
Keyword (s) : rock mechan ics, lab testing 
Location (s} : Un ited States 
Obert, L . ,  W .  I .  Duval l . M icroseismic Methods of 
Determin ing  Stabi l ity of Underground Workings .  
U . S .  Bureau of Mines B 573 ,  1 95 7 .  
The rate of production of m icroseisms i s  related 
to the magn itude of stress and is an i nd icator of 
instabi l ity . Geophones in dr i l l  holes to mon itor 
microseisms may detect accumu lating stress 
conditions .  
Keyword (s) : seismic, in  s itu testin g ,  monitorin g  
methods, mon itor ing equ ipment, p i l lar  strength 
Location (s) : Un ited States 
Obert, L . ,  W. I Duva l l ,  R. H .  Merri l l .  Des ign of 
Underground Openings in Competent Rock .  U . S .  
Bureau of Mines Bu l leti n ,  v .  5 8 7 ,  1 960, 3 6  p .  
This study considered both massive formations 
mined with an arched roof and bedded formations 
with flat roofs . Designs perta i n  to efficient m inera l 
extraction rather than the prevention of surface 
subsidence. 
Keyword (s) : mine design , roof stabi l ity, 
tunnel l i ng  
Location (s) : Un ited States 
Obert, L . ,  W. I .  Duval l . Seismic M ethods of Detect­
ing and Del ineating  Subsurface S u bsidence . U . S . 
Bureau of Mines R I  5882,  1 96 1 ,  28  p .  
Th is report discusses traveltime, microseismic, 
travelt ime difference, and seismic reflection 
methods of detecting su bsu rface subsidence . 
Keyword (s) : seismic, subsurface su bsidence 
damage, mon itoring methods 
Location (s) : Un ited States 
Obert, L .  An Inexpensive Triaxia l  Apparatus for 
Testing  Mine Rock .  U .S .  Bureau of M ines R I  6332,  
1 963 . 
Keyword (s) : rock mechan ics ,  lab testing  
Location (s) : Un ited States 
Obert, L. Deformation Behavior of Model P i l lars 
Made from Salt, Trana,  and Potash Ore .  I N :  Pro­
ceedings,  6th Sympos ium on Rock Mechan ics, 
Un iversity of Missou ri-Rol la ,  October, 1 964, E . M .  
Spokes and C . R .  Christiansen , eds . ,  p .  539-560.  
Th is  investigation considered the deformationa l  
beh avior of  model p i l lars made from sa lt, trona,  and 
potash ore tested under a constant appl ied load . 
Although load on the mine p i l lars is not constant  at 
the time it is being formed, it is vi rtual ly constant 
over the larger part of its effective l ifetime .  As the 
load in  the pi l lar prior to reach ing  this constant 
value is less than that after the pi l lar h as assu med 
2 8 2  
i ts maxim u m  load, any design based on constant 
load condit ions wou ld be on the conservative side . 
Keyword (s) : model ing ,  p i l lar  strength , non-metal 
m in i ng ,  rock mechan ics ,  lab test ing 
O bert, L . ,  W .  I .  Duva l l .  Rock Mechan ics and the 
Design  of  Structu res in Rock.  John Wi ley & Sons, 
New York, 1 967 . 
Keyword (s) : rock mechan ics, roof bolti ng ,  mine 
design ,  g round contro l ,  p i l l ar  strength , 
i nstrumentation 
Location (s) : Un ited States 
Ochab,  Z. Ru les Concern ing New Instructions for 
the Determ ination of Safety P i l lars in the Col l ieries 
of Upper-S i lesian Coa l F ie lds . Pol ish M in istry for 
M in i ng  and Power, Report No .  2 7 1 ,  1 96 1 . 
Keyword (s) : m ine  design ,  p i l lar  strength , coal 
m in i ng  
Location (s ) : Poland 
Ogden,  H .  The Law Of S u pport .  Transactions, 
I nstitute of M in ing  Eng ineers, London,  v .  84, 1 932,  
p .  1 -8 ,  6 1 -63 . 
Keyword (s) : m ine design 
Ogden,  H . ,  R. J. O rchard .  G rou nd Movements in 
North Staffordsh ire . Transactions,  I nstitute of 
M in i ng  Eng ineers , London , v. 1 1 9 , 1 959-60, p .  
259-272 . 
Su rface surveys were carried out over a 1 0-
year period . The article describes the problems of 
s u rveyin g  when the mine u nderl ies bu i ld ings . 
Keyword (s) : su rface structura l damage, survey 
data processing ,  survey methods, survey design 
Location (s ) : Eng land 
Gitto, R .  H .  Th ree Potentia l  Lon gwal l  M in ing  
Methods for Th ick  Coa l  Seams in  the  Western 
Un ited States . U .S .  Bureau of Mines IC 8792 ,  
1 979 ,  34 p .  
Keyword (s) : longwal l ,  mine design ,  coa l m in ing  
Location (s) : Rocky Mou nta in  Coal Reg ion,  
Un ited States 
O kon kwo, I .  0 . , W. R .  J udd,  A. G .  Altschaeffl . A 
Review of Some Aspects of G routing for M ine  
Su b sidence Contro l .  IN :  M ine  I nduced S u bsidence : 
Effects on Eng ineered Structu res, Proceedings of 
the Sympos ium,  Nashvi l le ,  TN, May 1 1 , 1 98 8 ,  
A S C E  G eotech n ical Special Publ ication No .  1 9, p .  
1 27- 1 45 .  
This paper presents an  overview of the state­
of-the-art of grouting as a techn ique  for m ine sub­
sidence control . A review of some aspects of 
grouting theory is presented, and i l l ustrative case 
h istories are d iscussed . Lim itations and factors 
underlying the successfu l appl ication of g routing as 
a tech n ique for contro l l ing mine subsidence a re 
presented . 
Keyword (s) : g routing ,  abandoned m ines,  active 
mines, coa l m in ing ,  geologic featu res 
Location {s) : Wyoming ,  Rocky Mountain Coal 
Reg ion,  I nd iana,  Pennsylvan ia ,  Appalach ian Coa l 
Region , Un ited States 
Okonkwo, P. C. G round Movements and Sub­
sidence in Nigeria ' s  Coal and Metal M ines .  I N :  
Land  Subsidence, Proceedings,  3rd I nternationa l  
Symposium,  Ven ice, Italy, March 1 9-25,  1 984, A . I .  
Johnson , L .  Carbogn in ,  L .  Uberti n i ,  eds . ,  IAHS 
Publ ication No . 1 5 1 ,  1 986,  p .  687-697 .  
G round movements and subsidence resu lt from 
uncontrol lable tectonic forces to control lab le h uman 
activities . Min ing and quarrying  industries h ave 
been identified as the contributory h u man  activities, 
hence the scientific and tech nological  research 
programs by nations to combat the adverse envi ron­
mental effects and residua l  hazards to pub l ic  hea lth . 
Nigeria  with its coal and meta l l iferous m ines is fac­
ing two major hazards of su rface su bsidence from 
underground coal operations and ground move­
ments and from erosion generated by u n rehabi l i ­
tated meta l l iferous mines .  
Keyword(s) : coa l  min ing,  meta l m in ing ,  
reclamation , geologic featu res, h istorica l ,  
government, subsidence research 
Location (s} : N igeria 
Oldroyd, D. C. Stooping Under An Overland 
Conveyer, Transvaal Navigation Col l ieries . I N :  
Proceed ings, SANGORM Symposiu m ,  October 2 1 , 
1 9 8 6 ,  Sandton , South Africa, I nternationa l  Society 
for Rock Mechan ics, South African Nationa l  Grou p ,  
p. 8 9- 9 6 .  
Th is paper describes the  undermin ing  of  an  
overland conveyer belt, measurements of  surface 
subsidence taken ,  and resu lts obta ined .  I t  a lso 
describes the effect of subsidence on the conveyor 
and the preventative measures that could h ave 
been taken to prevent the relatively minor damage 
caused . Although the magn itude of the stra ins that 
occu rred were very h igh ,  the conveyor rema ined 
fu nctional  and carried coal throughout the 
undermin i ng .  
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Keyword (s } :  coal m in ing ,  p i l lar  extraction ,  
surface structura l  damage,  monitori ng  methods, 
structu ral m itigation 
Location (s ) :  South Africa 
Oravecz,  K .  I .  Analogue  Model ing of Stresses and 
Displacements in Bord and Pi l lar  Workings of Coal 
M ines .  internationa l  Journa l  of Rock Mechan ics and 
Min ing Sciences & Geomechan ics Abstracts, v .  1 4, 
1 977 ,  p .  7-2 3 .  
Keyword (s) : room-and-p i l lar, model i ng,  coal 
m in i ng  
Oravecz,  K.  I .  Measurement of  Su rface Displace­
ments Caused by Extraction of Coal P i l lars .  I N :  
Large G round  Movements a n d  Structures, Pro­
ceedings I nternationa l  Conference, Un iv .  of Wales 
I n stitute of Science and Tech nology, Card iff, 1 977 ,  
J . D . G eddes, ed . ,  John Wi ley, 1 978 ,  p .  60-85 .  
Th is paper summarizes the procedures used in  a 
subsidence study conducted over a bard-and-pi l lar  
operation . Deta i ls  are g iven on instru mentation used 
to determ ine  surface su bsidence, lateral d isplace­
ments, and development and extent of the cave i n  
relation to  the  m in i ng  geometry.  
Keyword (s} : mon itor ing design ,  mon itoring  
instal lation , mon itoring equ ipment, survey methods, 
su rvey equ ipment, survey data process ing,  
instru mentation ,  room-and-pi l lar, p i l l a r  extraction ,  
coa l  m in i ng  
Location (s } :  South Africa 
O ravecz, K .  I .  Improved Prediction of Surface 
S u bs idence Using the I nfl uence Function Approach . 
I N :  Proceed ings,  SANGO R M  Symposium,  October 
2 1 ,  1 986,  Sandton ,  South Africa , Internationa l  
Society for Rock Mechan ics, South African Nationa l  
G roup,  p .  73-80.  
A shortcoming  in  the prediction of  surface d is­
p lacements resu lt ing from caved tabular  excava­
tions  at sha l low and moderate depths stems from 
the lack of ab i l ity to estimate precisely the conver­
gence or c losure distribution . The development of a 
variety of n u merical methods assist in the improved 
model ing of the complex mechan ism of cavin g  and 
the g lobal  response of  the  rock mass . 
Keyword (s ) : prediction , empirical model, 
i nfluence fun ction , model ing ,  computer, fin ite 
e lement, bou ndary element 
Orchard,  R .  J.  Recent Developments in  Predicting 
the Amp l itude of  Min ing  S u bsidence . Journa l  Roya l 
I nstitute Chartered Su rveyor, no .  33,  May, 1 954, p .  
8 64-876 .  
Th is paper eva luates the ampl itude of m ine  
su bsidence th rough the examination of  method of 
min ing,  geological conditions, rate of face advance, 
time factors, and d ifferi ng  m in ing  conditions .  The 
author refers to the partia l  su bsidence curve, and 
how th is  cu rve can  be  used for p ractica l  
appl ications .  
Keyword (s) :  vertical d isplacement, horizontal 
d isplacement, prediction , time factor, geologic 
features 
Orchard, R. J .  Su rface Effects of M in i ng--The Ma in  
Factors . Col l iery G uard ian ,  v .  1 93 ,  1 95 6 .  
Keyword (s ) :  surface su bsidence damage 
Orchard, R .  J .  Prediction of the Magn itude of the 
Su rface Movement. I N :  Proceedings,  Eu ropean 
Congress on G round Movement, Leeds, Apri l ,  
1 95 7 .  
Keyword(s) : pred iction 
Orchard, R. J. Pred iction of the Magn itude of 
Surface Movements . Col l iery Eng ineeri ng ,  v. 34, 
1 957 ,  p .  45 5-462 .  
The author examines various aspects of  m ine  
subs idence : the  effects of  backfi l l i ng  on ground  
movements, geologic conditions,  and an  ana lysis of 
the relationsh ip among subsidence, seam depth , 
and horizontal stra in . Tensi le stra i n ,  compressive 
stra in ,  and the relationsh ip  of stra in  to slope a re 
a lso eva luated . 
Keyword (s) :  vertica l d isplacement, h orizontal 
disp lacement, prediction , backfi l l i ng ,  geologic 
features 
Orchard, R. J .  Surface Effects of M in i ng --The Ma in  
Factors . Transactions, I nstitute of  M in ing  Eng ineers, 
London, v .  1 1 6, 1 956-57,  p.  94 1 -958 .  
The various factors affecting  surface 
movements are summarized, and the man ner in 
wh ich they i nf luence the shape of the subsidence 
trough is described . The importance of the width­
depth ratio in determ in ing the maximum ampl itude 
of  su bsidence is  d iscussed . A lso inc luded is  a br ief 
discussion of surface damage and methods for 
reduc ing this damage.  
Keyword (s) :  surface structural damage, m ine 
design ,  backfi l l i ng ,  survey data process i ng  
Orch ard,  R .  J .  The Effect of M in i ng  Su bsidence 
Upon Publ ic Health Eng ineering Works . Journa l  
I nstitute Pub l ic  Hea lth Eng ineering ,  v .  56 ,  1 95 7 ,  p .  
1 8 8-204. 
Keyword (s} :  uti l ities 
284 
O rchard, R. J. Underground Stowin g .  Col l iery 
G uardian ,  v .  203, August 1 96 1 , p .  258-263 . 
The article d iscusses requ i rements for maximum 
subsidence and briefly compares pneu matic and 
h ydrau l ic  backfi l l i ng  methods .  Cost of so l id  back­
fi l l i ng  methods are compared with damage pro­
duced by u ncontrol led subsidence . 
Keyword (s } : pneumatic backfi l l i ng ,  hydrau l ic  
backfi l l i ng ,  economics 
Orchard,  R .  J .  S u rface S u bsidence Resu lt ing from 
Alternative Treatment of Col l iery Goaf. Col l iery 
Eng ineering ,  v .  4 1 , October, 1 964, p .  428-43 5 .  
This paper compares surface subsidence caused 
by tota l and partia l  extraction methods when caving 
is a l lowed rather than backfi l l in g .  Roadways and 
packs and the i r  effects u pon convergence are dis­
cussed in relation to "effectiven panel width and 
maxi m u m  subsidence . 
Keyword (s) : su rface structu ra l damage, m ine  
design ,  pneu matic backfi l l i ng ,  stowing,  mine waste, 
partia l  extraction ,  longwa l l  
O rcha rd,  R .  J .  Partia l  Extraction and  S ubsidence . 
The M in i ng  Eng ineer, London , v .  1 23 ,  no .  43 , Apri l ,  
1 964, p .  4 1 7-430 .  
S u bsidence and roof control are shown to  be 
dependent u pon the size of p i l lars in relation to the 
seam depth . With room-and-pi l lar  workings,  both 
safety and h igher extraction can be obta ined s imu l­
taneously only i n  sha l low seams.  With deeper 
seams, longwa l l  partial extraction layouts are 
shown to produce greater mine safety and 
economica l  ut i l ization of coa l reserves . 
Keyword (s } :  part ia l  extraction,  roof stabi l ity, 
room-and-p i l lar, longwal l ,  National  Coal Board, mine 
safety, m ine  design , coa l  min ing 
Location (s) : Eng land 
Orchard, R .  J . ,  W .  S .  Al len . G round Curvature Due 
to Coal M in in g .  Chartered Su rveyor, v .  97 ,  no .  1 1 , 
1 965 , p .  622-63 1 .  
Keyword (s ) :  surface su bsidence damage, 
survey methods, coal m in ing  
Orchard,  R .  J .  The Contro l of  Ground Movements i n  
Undersea Workings .  The  M in ing Eng ineer, London , 
v. 1 28 ,  n o .  1 0 1 ,  February, 1 969 , p .  259-273 . 
Laws govern ing  coal extraction under bodies of 
water were revised in an attempt by the Nationa l  
Coal Board to standardize coa l extraction legislation 
and to promote maximum u se of reserves . 
Keyword (s) : surface water, g round control ,  
National  Coal  Board, law, coa l m in ing  
Location (s } :  England 
Orchard,  R .  J . ,  J .  Knecht, G .  A .  Voytko . State of 
Predictive Art in Subsidence Eng ineering-­
Discussion . I N :  ASCE  Proceedings,  Jou rna l  So i l  
Mechan ics and Foundations Division ,  v .  96 ,  n o .  
S M 6 ,  1 970, p .  2 1 62-2 1 63 .  
Keyword (s} : pred iction 
Orchard, R. J . ,  W. S. Al len . Longwa l l  Partia l  
Extraction Systems.  The  M in i ng  Eng ineer, London , 
v .  1 29 ,  no .  1 1 7 , June, 1 970, p .  523-535 . 
The author suggests an improved method for 
calcu lation of maximum su bsidence, tak ing width 
and depth into account separately instead of 
combin ing them into a width/depth ratio .  The 
mechan ics of  harmon ious extraction are examined . 
Keyword (s} : longwal l ,  partia l  extraction , 
prediction 
Orchard,  R. J. Vitrified Clay Pipes i n  Areas of 
Min ing  Subsidence . Clay Pipe Development 
Association,  1 97 2 .  
Keyword (s} : p ipel ines, uti l ities 
Orchard, R .  J. Some Aspects of S u bsidence in the 
Un ited Kingdom . I N :  Proceedings 4th Annua l  
Symposium,  A.J . Hargraves,  ed . ,  Wol longong,  
Austra l ia ,  February 20-22 ,  1 973,  Austra lasian 
I nstitute of Mining and Meta l l u rgy, l l lawarra Branch ,  
Paper 3 ,  p .  3- 1 --3- 1 1 :  
Th is article represents a discussion of Nationa l  
Coa l  Board gu idel i nes for u ndersea coal extraction 
in  relation to the type of working ,  m in imum depth 
of extraction , and mon itoring of su bsidence effects . 
Keyword (s) : surface water, mon itor ing design ,  
m ine  design , Nationa l  Coal Board , coal m in i ng ,  
i nflow 
Location (s} : United Kingdom 
Orchard , R. J.  Working  Under Bodies of Water .  The 
Min ing Eng ineer, London,  v .  1 34, n o .  1 70, March , 
1 97 5,  p .  2 6 1 -270.  
This article discusses the consequences of 
extracting coa l reserves located u n der bodies of 
water .  Specific examples deta i l  the resu lts of 
m in ing  beneath rivers, reservoirs, triassic 
sandstones, and aqu ifers . 
Keyword (s) : surface water, subsurface water, 
m ine  design ,  hydrology, coa l m in ing  
2 8 5  
Orchard,  R .  J . ,  W .  S .  Al len . T ime Dependence in  
Min ing S u bsidence . I N :  Proceedings,  Symposiu m  on 
M inera ls  and the Environ ment, London , June  4-7 ,  
1 974, I nstitute Min ing  a n d  Meta l l u rgy, London , 
1 975 ,  p .  643-659 . 
An attem pt is made to define the nature and 
s ize of post-m in i ng  subsidence having regard to the 
depth of min ing,  layout, nature of the strata , and 
sequence of m in i ng .  Examples show the measured 
res idua l  effects u n der d iffering circu mstances . Nor­
ma l  res idua l  m in ing  su bsidence can be estimated to 
an acceptable degree of precision by ana lysis of the 
t ime-dependent effects shown during the period 
when coal faces are being  worked.  The phase re la­
tionsh ip between the developin g  subsidence and 
the advance of the coa l face can be compared , 
provided that a component of the surface sub­
sidence can be measured with a h igh  degree of 
accu racy .  The use of one component is described 
and  its sensitivity to the working  cycle for u n der­
ground  extraction is shown . 
Keyword (s) : time factor, coa l m in ing ,  
prediction , Nationa l  Coa l Board, active mines 
Location (s) : Un ited Kingdom 
Orchard ,  R. J.  Discussion of Kapp,  W. A . ,  "A 
Study of M ine  S u bsidence at Two Col l ieries in the 
Southern Coalfie ld,  New South Wales . 11 I N :  Pro­
ceed ings, Austra las ian I nstitute Min ing  and 
Meta l l u rgy, no.  277, 1 98 1 , p .  5 3 .  
Keyword (s) : coa l m in ing  
Location (s) : Austra l ia  
Orlowski ,  A .  C. ,  W .  F .  Kane, R .  M.  Holbrook. 
Prediction of S ubsidence- Induced G round 
Movement and its Effects on a Coal Refuse Dam . 
I N :  M ine  Su bsidence - Prediction and Contro l ,  
Nationa l  Symposium,  33rd Annua l Meeting 
Association of Eng ineering Geologists, October 2-3, 
1 990, C . D .  E l ifrits, ed . ,  Pittsbu rg h ,  PA� p. 6 1 -68 . 
The stabi l ity of a coa l refuse dam is as 
important  as that of a water impoundment from a 
safety standpoint .  Refuse dams exeosed to 
potentia l  m in ing- induced subsidence must be 
ana lyzed for such an occu rrence .  This paper 
presents some of the methods used in the 
eva luat ion of su bsidence effects on a coal refuse 
dam and conclus ions reached concern ing  the 
stabi l ity of the structu re . 
Keyword (s} : surface structu ral damage, 
eng ineering ,  coa l m in ing ,  mine waste, active m ines, 
geologic featu res, prediction ,  p i l lar  strength 
Location (s ) :  Virg in ia ,  Appalach ian Coal Region , 
Un ited States 
Osterwald,  F .  W.  Deformation and Stress 
Distribution Around Coal M ine  Workings in  
Sunnyside No . 1 Mine,  Utah . U . S .  G eological  
Survey Profess ional  Paper 424-C, 1 96 1 , p.  C349-
C353 . 
Keyword {s) : rock mechan ics, coal m in i ng  
Location (s} : Utah ,  Un ited States 
Osterwa ld,  F .  W. USGS Relates Geologic Structu res 
to Bumps and Deformation in Coal M ine  Workings . 
M in ing  Eng ineering ,  v .  1 4, n o .  4, 1 962,  p .  63-6 8 .  
Keyword (s ) :  bumps, geologic features 
Osterwa ld,  F. W . ,  C. R. Du n rud . Geology Appl ied to 
the Study of Coal Mine Bumps at Sun nyside, Uta h . 
S M E-AI M E  Preprint 65 127,  AI M E  Annua l  Meeting ,  
Ch icago, I L, February 1 4- 1 8 , 1 965 . 
Coal mine bumps, wh ich are violent 
spontaneous fai l u res of coal or other rocks i n  m ine  
faces , r ibs, roofs , and floors , are a serious h azard 
to l ife and property in the mines of east-centra l 
Uta h .  I n  seeking a better understand ing  of the 
factors causing bumps, the USGS stud ied relation­
sh ips between geologic featu res and coal  m ine  
bumps a t  Sunnyside, Utah ,  for about 5 years . 
Keyword (s ) :  bumps,  coa l m in ing ,  active m ines,  
geologic features 
Location (s) : Utah ,  Rocky Mounta in  Coal Region ,  
Un ited States 
Osthof, H . , J. C. Swain . European Underg round  
Coa l  M in ing  Technology . Batte l le Energy Program 
Report, Columbus, OH,  Ju ne,  1 975 ,  25  p .  (NTIS PB 
249 052)  
Th is report is  a review of  the cu rrent tech­
no logy of longwal l  m in ing  i n  Europe . 
Keyword (s) : mine operation , m ine  design , coal  
m in ing ,  longwal l ,  mu ltip le-seam extraction 
Location (s) : Europe, France,  West Germany 
Otto, J.  8 .  The Effect of Tota l Extraction Coal 
Min ing  on Transmission Towers . I N :  Proceedin gs, 
SANGORM Symposium,  October 2 1 ,  1 9 86, 
Sandton ,  South Africa, I nternationa l  Society for 
Rock Mechan ics, South African Nationa l  G roup ,  p .  
59-72 . 
Transmission towers, l i ke many other surface 
structures , are a serious obstruction to tota l 
extraction coal min ing and to longwal l  m in ing  in 
particu lar .  A 1 32-kV self-su pporti ng suspension 
tower was mon itored during underm in i ng .  The 
d isp lacements were then used as the i n put to a 
computer model of the tower, in an attempt to 
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s imu late the effect of d ifferentia l  d isplacement of 
its fou ndation . 
Keyword (s ) : model i ng ,  prediction,  computer, 
su rface stru ctu ra l damage, foundations,  longwal l ,  
coa l  m in i ng ,  mon itor ing methods 
Location (s) : South Africa 
Overbey, W .  K. J r . ,  C .  A. Komar, J .  Pasin i  I l l . 
Pred icting  Probable Roof Fal l  Areas in Advance of 
M in i ng  by Geological  Ana lysis . U .S .  Bu reau of 
M ines, Health and Safety Research Program TPR 
70, May, 1 973,  1 7  p .  
Su rface fractu re trace density, changes i n  roof 
rock type, and topogr�ph ic un loading  due to 
d rainage were mapped for m in ing areas located in  
the Blacksvi l le-Osage, West Virg in ia ,  quadrangles to 
investigate their  influence on mine roof fal l s .  A 
techn ique  was developed, us ing these factors, to 
p redict probable roof fa l l  a reas ahead of projected 
m in i ng  operations .  
Keyword (s } :  roof stabi l ity, geologic features 
Location (s} : West Virg in ia ,  Appalach ian Coa l 
Reg ion ,  Un ited States 
Owil i -Eger, A. S .  C .  Geohydrologic and 
Hydrogeochemica l  I mpacts of Longwal l  Coal Min ing 
on Local  Aqu ifers . S M E-AI M E  preprint no .  83-376,  
for  presentation at the S M E-AI M E  Fal l  Meeting  and 
Exh ib it, Sa lt Lake City, UT,  October 1 9-2 1 , 1 983,  
1 6  p .  
The author describes an investigation 
u n dertaken in the Appalach ian coal basin in 
response to problems of impa i red well yields and 
water qua l ity deterioration . 
Keyword (s} : coa l m in ing ,  subsurface water, 
hydrology, longwal l ,  subsurface subsidence damage 
Location {s) : Appalach ian  Coal Region , Un ited 
States 
Owi l i -Eger, A. S. C. Predicting the I mpacts of a 
Log ica l  M in i ng  Un it System on the Water Resources 
of an Area . I N :  Proceedings 23rd An nua l  American 
Water Resou rces Association Symposium,  
November 1 987 .  
Keyword (s) : hydrology, subsurface water, 
prediction,  overbu rden 
Owi l i- Eger, A. S .  C. Dynamic Fractured Flow 
S imu lation Mode l .  M in ing  Eng ineeri ng ,  February 
1 9 8 9 I V • 4 1 f n 0 • 2 I p • 1 1 0- 1 1 4 • 
An effic ient state-of-the-art dynamic model to 
s imu late and predict the rate of water production in  
longwa l l  coa l  m in ing operations was developed as a 
tool for mine p la n n ing  pu rposes . The model can also 
provide an estimate of any potential  resu ltant 
hydrogeological impacts of an  operation via an 
a rray of element-specific, s ing le-va lued parameters 
referred to as the field-rati ng  ind ices . The com­
putational procedu re was designed to exploit the 
benefits of hydrogeotechnology and u se a com­
bination of conceptua l ,  physical ,  empi rica l ,  and 
nu merical approaches to  define,  characterize, 
ana lyze, and eva luate flow-contro l l i ng  p roperties 
of fractu red rock systems . 
Keyword (s} :  longwal l ,  coal m in i ng ,  model i ng ,  
hydrology, subsu rface water, pred iction ,  m ine  
design ,  overburden , geolog ic features, su rface 
water, computer, mathematical model,  active m ines 
Location (s } :  Appalach ian Coal Reg ion , 
Pennsylvan ia ,  West Virg in ia ,  Wyoming ,  North 
Dakota, Un ited States 
Oyanguren , P. R .  S imu ltaneous Extraction of Two 
Potash Beds in Close Proxim ity. I N :  5th 
I nternationa l  Strata Control Conference, London , 
1 973,  Paper 32,  5 p .  
Keyword (s} :  non-metal m in ing ,  mu ltip le-seam 
extraction 
Ozbay, M. U. The Stabi l ity and Design of Yie ld 
P i l lars Located at Sha l low and Moderate Depths .  
Journal  of the South African Institute of M in i ng  and  
Meta l l u rgy, March 1 989 ,  p .  73-79 . 
2 8 7  
The stab i l ity of p i l l a rs is  ana lyzed on the 
assumption that p i l l a rs shed load in  a stable manner 
if the s lope of the strata load-deformation relation is 
steeper than that of p i l lars in the post-peak reg ime .  
Concepts of  loca l  stiffness, mine structu ral stiff­
n ess, and  crit ical stiffness a re discussed . Proce­
d u res a re described for the determination of strata 
stiffness for var ious p i l lar  layouts by use of the 
ava i lab le boundary-element computer programs .  
The post-peak stiffness of  p i l lars is assessed from 
the ava i lable data relatin g  to the post-peak load­
deformation relationsh ip  and width -height ratio .  
Keyword (s} : yie ld ing supports, p i l l a r  strength , 
rock mechan ics, boundary element 
Location (s } : South Africa 
Ozka l ,  K .  Practice of Hydrau l ic Sandstowin g  i n  
Armutcuk  Coalfie ld . Symposiu m  on  Coal ,  
Zon g u ldak,  Turkey, December, 1 96 1 . 
Th is  p aper describes the hydrau l ic  sandstowing  
process, practiced i n  active mines .  
Keyword (s} : hydrau l ic backfi l l i ng ,  coa l m in ing ,  
active m ines,  stowing 
Location (s} :  Turkey 
Padgett, M .  F .  Statistical  Ana lysis of Residenti a l  
Damage in  an  Area of  Underground  Coa l  M in ing  
Bou lder County, Colorado.  IN :  Association of 
Engineering Geologists Symposiu m  Series No .  4, 
Bu i ld ing Over Underground Mines--Su bsidence 
Considerations, October, 1 987 ,  p .  95-97 (expanded 
abstract) . 
An eng ineering assessment of damage that 
h as occurred to structures and property in  the past 
30 years was completed i n  order to examine  the 
relationship between mine subsidence and  resi ­
dential damage, either to the structure or to the 
property . This study eva luated the effects of u nder­
ground coa l mines on residentia l  damage us ing 
statistical tests . The database for th is study was 
developed through field surveys of 230 randomly 
selected res idences and the eva l uation of m ine  
maps and dr i l l  ho le boring  logs . 
Keyword (s) : abandoned mines, coal m in i ng ,  
surface structural damage 
Location (s) :  Colorado, Rocky Mou nta in  Coal  
Reg ion,  Un ited States 
Padgett, M .  F .  Residentia l  Damage in an Area of 
Underground Coal Min i ng .  I N :  Mine I nduced 
Su bsidence : Effects on Eng ineered Structu res, 
Proceedings of the Sympos ium,  N ashvi l le ,  TN,  May 
1 1 , 1 9 88,  ASCE  Geotechn ical  Specia l  Pub l icat ion 
No .  1 9 , p.  1 - 1 7 . 
A statistica l ana lysis of past res identia l  
damage in  the Bou lder-Weld ,  Col9rado, coa l  fie ld 
was performed to estimate the potentia l  for futu re 
subsidence-related residentia l  damage.  The 
objectives of this study were to assess the 
d ifference in damage severity and frequency 
between undermined and non-undermined a reas, 
and to determ ine,  where appl icable, which m in i ng  
factors s ign if icantly influence the  severity and 
frequency of  residentia l  damage .  
Keyword (s) :  surface structu ra l damage, 
abandoned mines, coal m in ing ,  geologic featu res 
Locatio n (s } :  Colorado, Rocky Mounta in  Coal  
Reg ion,  Un ited States 
Palarski , J. Przyczynek Do Wyjan ien ia  Zjawiska 
Nieciag lych Deformacj i  Powierzch n i  I Znacz nych 
Obn izen Nad Podsadzonymi Wyrobiskam i  
(Contribution to  the  Explanation of  Discontinuous  
Surface Deformations and Large Su bsidences Over 
Stowed Workings) . Przeg lad Gorn iczy, v .  34, n o .  3 ,  
1 978,  p .  1 20- 1 25 .  
Keyword {s) : stowing,  surface subsidence 
damage 
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Palmer, R. E. Observation on G round Movement 
and S u bsidence at R io Tinto Mines, S pa in . 
Transactions,  AI M E, v .  9 1 ,  1 930, p .  1 68- 1 85 .  
Keyword (s) : surface subsidence damage 
Location (s ) :  Spa in 
Pa lowitch , E .  R .  Shortwa l l  Min ing Appl ications in  
the Un ited States . SME Fa l l  Meeting  and  Exh ib it, 
October, 1 972,  Birmingham,  AL, Preprint No .  72-
AM-356,  1 2  p .  
Th is paper describes the shortwa l l  m in ing  
m ethod, reviews its h istory, and  d iscusses the 
current status of shortwal l  m in ing  in the Un ited 
States . 
Keyword (s) : m ine  design ,  ground  control,  
shortwal l ,  roof stab i l ity, m ine operation 
Location {s ) : Un ited States 
Pam,  E. Water-Borne Packing for Stope F i l l i ng . 
M in i ng  Magaz ine, v .  5, 1 9 1 1 ,  p .  2 9 5 .  
Hydra u l ic s a n d  backfi l l i ng  o f  meta l m ines i n  
South Africa is  used for strata control and increased 
extraction . 
Keyword (s} : hydrau l ic backfi l l i ng ,  metal m in ing ,  
g round  control 
Location (s) : South Africa 
Pampeyan ,  E.  H . ,  T .  L .  Holzer .  Earth Fissures and  
Loca l ized Differentia l  S u bsidence . U .S .  G eological  
S u rvey Open-F i le  Report 7 9-5 1 ,  1 97 9 .  
Location (s) : Un ited States 
Panek, L .  Estimating  Mine  Pi l l ar  Strength from 
Compression Tests . Transactions, S M E-AI ME,  v. 
268 ,  1 980, p .  1 749- 1 76 1 . 
Keyword (s) : coal m in ing ,  p i l l a r  strength , l ab  
test ing 
Location (s) : Un ited States 
Panek, L .A.  Centrifuga l  Testing Apparatus for Mine 
Structu re Stress Ana lys is .  U .S .  Bu reau of  M ines R I  
4883,  1 95 2 .  
Keyword (s) : l a b  testin g  
Location (s ) :  Un ited States 
Panek, L. A. Methods and Equ ipment for Measur ing 
S u bsidence . I N :  Proceedings 3rd Sympos ium on 
Sa lt, J . L .  Rau and L . F .  Del lwig ,  eds . ,  Apri l 22-24, 
1 969,  Cleveland,  OH, Northern Oh io Geological  
Society, I n c . ,  v .  2 ,  1 970, p.  32 1 -338 . 
Th is paper describes measurement techn iques 
and  equ i pment a ppropriate for determin ing  the 
h orizontal and vertical components of displacement 
and stra in ,  ti lt, and curvature.  Particu lar  attention is 
given to the princ ipa l  characteristics and uses of 
monu ments, extensometers, tapes, e lectron ic 
d istance-measur ing instru ments, theodol ite, 
a l ign ment telescope, spirit level ,  ti lt meter, and 
borehole inc l inometer probe . 
Keyyvord (s) : mon itori ng  des ign,  mon itoring  
insta l lation , monitoring  equ ipment, mon itoring  
methods, su rvey methods, survey equ ipment, 
ground contro l ,  horizonta l  d isp lacement 
Panek, L.  A .  Solutions of Mine Structu re Problems 
Th rough  Field Measurements and Theoretica l  
Analysis . IN :  Rock Mechan ics I nstrumentation for 
Mine Design ,  U . S .  Bureau of M ines IC 8585 ,  1 973,  
p .  23-24. 
Keyword {s} : mine design , i nstru mentation ,  rock 
mechan ics, grou nd control 
Location (s ) :  Un ited States 
Panek, L .  A. Longwal l  Problems. I N :  G round Control 
Aspects of Coal Mine Design ,  Proceedings Bureau 
of Mines Technology Transfer Seminar,  Lexin gton , 
KY, March 6, 1 973,  U .S . Bureau of M ines IC  8 630, 
1 974, p .  97- 1 00 . 
Lon gwal l  strata control depends on the transfer 
of overburden weight to the perimeter of the m ined 
area th rough bridg ing of the main roof strata . Cut­
ting and transport of coal a long the face is done 
under this strata bridge, where the roof support 
requ i rement is relatively smal l ,  compared to normal 
overbu rden pressu re .  For effective strata contro l ,  
however, the su pport system must be able to yield 
wh i le at the same time mainta in ing  a h igh  resis­
tance to sett l ing of the roof. The proper s u pport 
characteristics depend on the relative strengths and  
stiffnesses of the  roof strata, coa l ,  and floor .  
Keyword {s ) :  longwal l ,  g round  contro l ,  
overbu rden , coa l  m in ing ,  active mines, geologic 
featu res, roof support, roof stabi l ity 
Location (s) : Un ited States 
Panek, L .  A. Eva luation of Roof Stabi l ity from 
Measurements of Horizonta l  Roof Stra in . I N :  G round  
Contro l Aspects of Coal Mine Desig n ,  Proceedings 
Bureau of Mines Tech nology Transfer Seminar, 
Lexington , KY, March 6, 1 973,  U . S .  Bureau of 
Mines IC  8630, 1 974, p .  92-96 .  
. 
The author discusses a fie ld measurement 
techn ique intended for eva luat ing roof stab i l ity . It is 
a roof mon itoring  system based on the structura l  
behavior concept that the horizontal roof stra in  
necessari ly increases as the roof sags,  and 
· increasing roof sag leads u lt imately to  a fa l l .  The 
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approach is particu la rly oriented toward eva luat ing 
the stab i l ity of a bolted roof . 
Keyword (s) : roof bolting ,  roof support, in s itu 
testin g  
Location (s) : Un ited States 
Panow, A. D . ,  K. W .  Ru ppeneit. Problems 
Concern i ng  Strata Contro l .  I N :  Proceedings,  
I n ternation a l  Strata Control Congress, Leipz ig ,  
October 1 4- 1 6, 1 958 ,  p .  97- 1 1 1  and XLVl l -XLVl l l .  
Research activities were d i rected to the 
fol lowing : ( 1 )  study of the mechan ical properties of 
rocks, their  deformabi l ity and strength , (2) inves­
t igations into stress d istribution and displacements,  
(3 )  examination of  rock pressu re phenomena on 
mode ls  of  equ ivalent and optica l ly active materia l ,  
and (4)  strata control research in the p it  us ing 
spec ia l  i nstruments and equ ipment.  C .  Mohr 1 s  
theory of strength was found to b e  the best su ited 
for the description of rock strength characteristics . 
Keyword {s) : g round  contro l ,  rock mechan ics ,  
model i ng  
Location {s} :  Russia 
Paone, J . ,  R.  H.  Cox, A. S.  Al len . Subsidence­
Control Project in the Bel levi l le-Maryvi l le  Area, 
I l l i no is .  Presented at the 1 97 7  S M E  Fal l  Meet ing 
and  Exh ibit, St .  Lou is,  MO,  October 1 9-2 1 ,  1 977 ,  
Preprint  No .  7 7-F-339,  2 1  p .  
S u bsidence movements have damaged h ouses, 
schools ,  streets, and publ ic  uti l ity l ines in some 
u ndermined sections of Bel levi l le and Maryvi l le,  
I l l i nois . In cooperation with local offic ia ls and the 
State of I l l i nois ,  the USBM is sharing experience in 
backfi l l i ng  abandoned coal mines to demonstrate 
that b ituminous mine workings in southwestern 
I l l ino is can be successfu l ly backfi l led and sub­
s idence-prone areas stab i l ized . Subsurface inves­
tigations revea led that m ine  workings are dry and 
u nderla in  by u nderclay deposits susceptible to 
i nstabi l ity u pon wettin g .  Backfi l l i ng  wi l l  be accom­
p l ished by pneumatic injection instead of the 
hydrau l ic  methods u sed i n  previous subsidence­
control projects . 
Keyword (s) :  su rface structu ra l  damage, g round 
control ,  pneu matic backfi l l i ng ,  abandoned mines, 
coal m in ing  
Location (s} : I l l i nois, I l l i nois Coal Bas in,  Un ited 
States 
Parate, N. S. A Study of G round Movement in 
Relation to Bu i ld ings and Surface Features . Masters 
Eng ineering Thesis, 1 965, Un iversity of Sheffie ld, 
Un ited Kin gdom . 
Keyword (s} : surface structural damage 
Location (s } :  England 
Parate, N.  S .  Reducing the Effects of M in i ng  
Subsidence on Su rface Structu res . Col l iery 
Engineering ,  v .  44, May 1 967,  p .  1 90- 1 95 .  
Th is paper investigates the mechan ics of 
subsidence and methods of reduc ing su rface 
su bsidence damage . It  inc ludes discussions on the 
natu re and ampl itude of subsidence, subsidence 
profi les, area of influen �e, ampl itude of stra i n ,  t ime 
factor, and design of new structures . 
Keyword (s) : vertical d isp lacement, horizontal 
d isplacement, surface structural damage, t ime 
factor, g round control ,  arch itecture 
Parate, N .  S .  Short Note on S u bsidence Damage 
Problems . Journal  Mines, Meta ls & Fue ls,  v .  1 8 , 
August, 1 970, p .  287-29 1 .  
Keyword (s} : surface subsidence damage 
Parate, N.  S .  Earth Movement Due to M in ing;  
Su bsidence and Deformation (Movimento de 
Terreno Devido M ineracao; Abaizamento e 
Deformacao) . Abstract from Cong reso 
Latinoamericano de Geologia,  Resu menes, n o .  3 ,  
1 976,  p .  1 04 ( i n  Portuguese and French ) .  ( NTIS 
Accession no .  77-02604) 
Keyword (s) : engineering ,  surface structu ra l 
damage, coal min ing 
Parate, N .  S .  S inkhole and S u bsidence Damage and 
Protective Measu res . IN :  S i nkholes :  The i r  G eology, 
Eng ineering and Environmenta l I m pact, Proceedings 
1 st Mu ltid iscip l inary Conference on S i nkh oles, 
Orlando, October 1 5- 1 7 , 1 984, B . F . Beck, ed . 
Balkema, Rotterdam, p .  37 9-383 . 
G round subsidence has long been recogn ized as 
a major problem in both middle and eastern Ten­
nessee . Th is su bsidence consists of  downward and  
lateral movement of the ground su rface and is a 
resu lt  of loss of support with in  the low level su bsur­
face materia ls .  This loss of su pport can resu lt from 
extraction of sol ids or l iqu ids from beneath the 
surface (particu larly in the coa l  m in ing  reg ions of 
eastern Tennessee),  or may resu lt from a sub­
surface eros ion of overlying soi l  into either caverns 
or s lots with in the underlying l imestone bedrock .  Of 
pr ime importance to the eng ineer or geolog ists is  
reducing subsidence damage to man-made 
structu res . The methods for reducing damage wi l l  
vary accord ing to the su bsidence causes and 
mechan isms . 
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Keyword (s) : coal m in ing ,  su rface structu ral 
damage, eng ineerin g  
Location (s} : Ten nessee, Un ited States 
Pariseau ,  W .  G . ,  H .  D. Dah l .  M ine Subsidence and 
Model Analysis . Transactions, A I ME,  v. 241 , 
December, 1 968 ,  p .  48 8-494. 
This paper summarizes approaches to 
subsidence stud ies, examines the possib i l ity of 
d up l icating su bsidence phenomena in laboratory 
models, and ana lyzes a particu lar  model us ing sand 
as the media . The resu lts of the sand model 
app l ication are d iscussed . 
Keyword (s) : model i ng ,  phenomenological 
model ,  p lastic model,  physical model 
Location (s) : Un ited States 
Pariseau ,  W. G .  Plasticity Theory for Anisotropic 
Rocks and Soi l . I N :  Proceedings,  1 0th U .S . 
Symposiu m  on Rock Mechan ics, Un iversity of 
Texas at Austi n ,  1 972,  p .  2 67-296 .  
Keyword{s ) : model i ng ,  phenomenological 
model ,  p lastic model,  rock mechan ics 
Pariseau ,  W .  G .  Lim it Design of Mine P i l lars Under 
Uncerta i nty. I N :  Design Methods in Rock Mechan­
ics, Proceed ings 1 6th U . S .  Symposium on Rock 
M echan ics, M inneapol is,  MN, September 22-24, 
1 975,  C. Fa i rh u rst and S . L. Crouch , eds . ,  ASCE, 
New York, 1 977 ,  p.  287-30 1 .  
L imits to mine p i l lar  stab i l ity are computed on 
the basis of f low and fracture mechan isms of local  
i nelastic deformation fol lowin g  a review of the 
traditiona l  approaches to mine p i l lar  design .  
Emphasis i s  o n  p i l l a rs i n  flat-lying  ore deposits . 
The advent of computers and fin ite element 
techn iques has e l im inated the h istoric necessity for 
one-dimensiona l  p i l lar  design th i nkin g .  Deta i led 
ana lyses of stress as well as progressive fa i l u re are 
now possible on a routine basis . A return to funda­
menta ls is expl ic it in the u pdated design approach 
advocated here .  Ten exam ples are presented that 
s imu ltaneously i l l ustrate the overs impl ification of 
the one-d imension a l  view and the improvement in 
design d iscrim ination between stable and unstable 
p i l lar  states obta ined th rough appl ication of existing 
rock mech an ics tech nology. 
Keyword (s) : lab testing ,  model ing,  
phenomenolog ical model,  p i l lar  strength , rock 
mechan ics, f in ite element, mine design 
Location (s ) :  Un ited States 
Pariseau ,  W. G .  E lastic-Plastic and E lastic-Brittle 
F in ite Element Ana lysis of Cave Zone Growth in 
Response to Longwal l  Face Advance .  I N :  
Proceedings 20th U . S .  Sympos ium o n  Rock 
Mechan ics, June 4-6, 1 979 ,  Un iversity of Texas, 
Austin ,  p .  54 1 -553 . 
Comparisons of fin ite element ana lyses of 
11cave11 zone growth with longwal l  face advance 
us ing elastic-plastic and elastic-brittle materia l  
descriptions show some d ifferences in  cave zone 
extent, but the d ifferences are  not la rge relative to 
the loads on wood cribs used for support in the 
"bleeder11 entry adjacent to the longwal l  startin g  
room . T h e  elastic-plastic description i s  based o n  
pressure dependent yield and associated flow ru les; 
the elastic-brittle description is based on a d is­
conti nu ing  stra in soften ing concept appropriate to 
diffuse fractu ring accompan ied by an abrupt change 
in rock properties . 
Keyword (s) : f in ite element, model i ng ,  longwa l l ,  
mine desig n ,  roof support 
Location (s) : Utah , Rocky Mounta in  Coal Reg ion ,  
Un ited States 
Pariseau ,  W. G ., A. C. Walku p,  W .  W. Carlson ,  K .  
K .  Wu . Ropes Mine Crown Pi l lar  Rock Mechan ics . 
IN : Rock Mechan ics as a G u ide for Effic ient 
Uti l ization of Natural Resources, Proceedings 30th 
U . S .  Sympos ium,  1 989,  A .W. Kha i r, ed . ,  Ba lkema,  
Rotterdam,  p .  909-9 1 8 . 
A crown pi l lar  cave occurred at the Ropes M ine  
in December 1 987 ,  resu lting in closu re of  the  m ine .  
Production was resu med soon afterwards with the  
formu lation of a rock mechan ics p l an  designed to 
address severa l issues of safety and stab i l ity . The 
plan proved to be successfu l and shows what can 
be accompl ished in the rea lm of appl ied rock 
mechan ics where a cooperative atmosphere exists . 
Keyword (s) : rock mechan ics, metal m in ing ,  
instru mentation 
Location {s) : Mich igan,  Un ited States 
Park, D-W . ,  D. A. Summers,  N. B. Aughenbaugh . 
Model Studies of Su bsidence and G round 
Movement Us ing  Laser Holograph ic I nterferometry. 
I nternational  Journal  of Rock Mechan ics and M in ing  
Sciences & Geomechan ics Abstracts, v .  1 4, n o .  6 ,  
November, 1 977 ,  p .  235-245 . 
Keyword (s) : instrumentation , model ing 
Park, D-W . Model  Studies of Subsidence Over 
Room-and-Pi l lar  Coa l M ines Using Holograph ic 
I nterferometry. I N :  Rock Mechan ics : A State of the 
Art, Proceedings 2 1 st Symposium,  Un iversity of 
Missouri-Rol la, May 28-30, 1 980, D.A. S u mmers, 
ed . ,  p .  265-274. 
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The tech n ique  of holograph ic interferometry h as 
been successfu l ly app l ied to a self-load ing ,  s imple­
cavity model s imu lati ng  su bsidence resu lting from 
longwal l  m in ing . Holograph ic interferometry has the 
capabi l ity of detecting  fu l l-fie ld movement on the 
su rface of any materia l . A simi lar method was 
adopted for ana lyz ing  su bsidence above room-and­
p i l l a r  mines .  This paper  presents the model ing  
m ethod and ana lysis of  the resu lts taken from that 
model . 
Keyword (s) : room-and-pi l lar, coal m in ing ,  
mode l ing  
Park, D-W . ,  D .  C .  Kicker. Physical Model Study of  a 
Lon gwa l l  M ine .  I N :  Research & Eng ineering 
Appl ications in  Rock Masses, Proceed ings 2 6th 
U . S .  Sympos iu m on Rock Mechan ics, South Dakota 
School of M ines & Technology, Rapid City, June  
26-28 ,  1 985 ,  E .  Ashworth , ed . ,  Balkema, 
Rotterdam,. p.  1 26 1 - 1 2 7 2 .  
A n ew physical  longwal l  m i n e  model was 
developed to study stress d istr ibutions around a 
longwal l  face in both the cha in  p i l lars and pane l .  
State-of-the-art stress detection devices combined 
with a n ew excavation tech n ique and model 
material h ave provided reproducible resu lts on the 
man ner of stress red istributions caused by longwal l  
m in ing .  The model has successful ly s imu lated the 
mode of stress changes in  the chain p i l lars and h as 
measu red the development of the panel  front 
abutment.  
Keyword (s) : model ing ,  longwa l l ,  coa l m in ing ,  
physical  model 
Location (s} : Alabama, Un ited States 
Park, D-W, N .  F .  Ash . Su bsidence Study of 
Alabama Coal F ie lds . I N :  Proceed ings, 4th Annua l  
Workshop Generic Mineral Technology Center Mine  
Systems Desig n  and G round Contro l ,  Moscow, I D, 
October 2 1 -26,  1 986,  Department of Min ing  and 
M inera ls Eng ineering ,  Virg in ia Polytechn ic  I nstitute 
and State Un iversity, p .  8 1 -92  
Underground coal m in i ng  has  been a serious 
cause of su bsidence problems in the Warrior Coal  
F ie ld of Alabama,  where few subsidence data are 
ava i lab le .  A thorough monitoring  program at two 
sites h as been ongoing for the past 3 years to 
study factors that contribute to subsidence . A 
variation i n  depth of m in ing  between the two s ites 
from deep to sha l low has demonstrated stri k ing 
d ifferences i n  su bsidence behavior .  A nu merical  
s imu lation of the su bsidence was carried out us ing 
the fi n ite element method .  The model i ng  of the two 
case stud ies has been successfu l ly completed . Also 
inc luded in th is study h as been the effect of m in i ng  
subsidence on  the  groundwater hydrology. The 
resu lts show that subsidence influences ground­
water hydrology when min ing  activity is n earby, but  
that when min ing  is completed, the groundwater 
level returns to norma l .  
Keyword(s) : coal m in i ng ,  su bsidence research , 
monitoring design ,  mon itori ng  methods, hydrology, 
subsu rface water, model ing ,  fin ite element, 
longwa l l ,  overburden , mine design 
Location (s) : Alabama,  Un ited States 
Park, D-W . Effect of Mine Su bsidence on G round 
Water Hydrology . S M E-AI M E  Preprint 87-98,  for 
presentation at the S M E-AI M E  An nua l  Meeting ,  
Denver, CO,  Februa ry 24-27 ,  1 987 ,  8 p .  
Underground m in i ng  a lters ground condition , 
produc ing a d istu rbance i n  the groundwater reg ime .  
The level of  d istu rbance is dependent on the  local  
hydrology, geology, and type of m in ing .  The 
primary objective of th is study was to investigate 
the effects of mine subsidence on the grou ndwater 
hydrology in  the Warrior Coal Basin in Alabama . 
Keyword (s) : hydrology, subsurface water, coal  
min ing,  meta l min ing,  abandoned mines, mu ltiple­
seam extraction ,  geologic featu res 
Location (s) : Alabama,  Un ited States 
Park, D . -W. Two Case H istories of S u bsidence in  
the Warrior Coalfield . M in ing  Eng ineeri ng ,  March  
1 9 8 8 ,  p .  1 85- 1 9 1 . 
Underground open ings resu lt ing from coal  
min ing activities h ave been a serious cause of 
subsidence problems in the Warrior Coa lfield of 
Alabama .  The problem wi l l  be even more serious in 
the futu re because most of Alabama ' s  coal reserves 
a re classified as an  underground resource . 
Keyword (s) : coa l m in ing ,  geologic featu res, 
longwal l ,  survey data process ing,  mon itori ng  
methods, mon itoring equ ipment, Nation a l  Coal  
Board 
Location (s) : Alabama,  Un ited States 
Park, D-W. ,  V.  Ga l l . Supercomputer Assisted Th ree­
Dimension a l  F in ite Element Ana lysis of a Lon gwal l  
Pane l . I N :  Rock Mechan ics as a G u ide for Efficient 
Uti l i zation of Natu ra l  Resources, Proceedings 30th 
U . S .  Symposium,  1 9 89,  A . W .  Kha i r, ed . ,  Ba lkema ,  
Rotterdam, p .  1 33- 1 40.  
The fa i lure criterion that  considers rock mass 
properties appl ied in th ree-d imensiona l  fin ite 
element model ing of a longwal l  panel  h as shown 
encouraging resu lts . The ava i lab i l ity of a 
su percomputer enables l a rge scale model i n g .  An 
2 9 2  
a utomated procedu re for progress ive fa i l u re 
s imu lation provides the tool for easy data 
processi n g .  The combination of a th ree-d imensiona l  
model with t h e  techn ique of progressive fa i l u re 
s imu lation produces a rea l istic s imu lation of the 
m in i ng  of a longwal l  pane l . The model a l lows 
deta i led study not on ly of sections near the face 
location , as presented in th is study, but a lso 
ana lysis of the pressure a rch and  surface and 
subsurface subsidence . 
Keyword (s) : computer, model ing,  f in ite 
e lement, longwal l ,  coal m in ing ,  yie ld ing supports, 
rock mechan ics 
Location (s) : Alabama,  Un ited States 
Park, D-W. Yie ld Pi l l a r  Analysis in a Deep Coal 
M ine .  I N :  Proceed ings, 3 rd Conference on G round 
Control Problems in the I l l inois Coa l  Bas in ,  Mt .  
Vernon ,  I L, Aug u st 8- 1 0,  1 990, Y. P .  Chugh,  ed . ,  
Southern 11.l inois Un ivers ity, Carbonda le, p .  
2 57-267 . 
I n  longwa l l  coal m ines, the size of cha in  p i l l a rs 
has  a g reat influence on the stabi l ity of entries . 
When app l ied to deep coal  mines in the Warrior 
Coalfie ld,  conventiona l  p i l lar systems consisting  of 
equa l ly sized p i l l a rs h ave created problems, such as 
f loor heaves and  roof fa i l u res due to the h igh  stress 
concentrations in the area adjacent to the longwa l l  
panel . A mine  h as adopted a yield p i l l a r  system as a 
solution for the instabi l ity and has  proven the yield 
p i l l a r  system to be an  effective a lternative . Th is 
paper presents the resu lts of a study that ana lyzed 
the behavior of the yield p i l l a r  system in  comparison 
to conventiona l  p i l l a r  systems.  
Keyword (s) : p i l l a r  strength , yield ing supports, 
coal m in ing ,  longwal l ,  active mines, mine design ,  
i nstrumentation , model i ng ,  fin ite element, g round 
control 
Location (s) : Alabama,  Un ited States 
Park, D. W . ,  Y. M .  J iang,  L . A .  Morley, W. Keeton .  
Stabi l ity Ana lysis of a Room-and-P i l lar  Mine with 
Th in ly-Laminated Roof, Strong Pi l lars and Weak 
Floor. M in ing  Eng ineering ,  v .  44, no.  1 1 , November 
1 992 ,  p. 1 35 5 - 1 3 60 .  
Underground room-and-p i l lar  m in i ng  operations 
in the Warrior Coa lfield in  Alabama frequently suffer 
i nstabi l ity due to soft floors and th in ly- laminated 
immediate roofs . This investigation concerns a mine 
that was experienc ing ground-control problems with 
wea k  floor conditions .  Severa l roof fa l ls occurred 
local ly, and  floor heaves as great as 2 feet h ave 
been experienced . The paper presents the resu lts of 
comprehens ive a n a lyses conducted on floor heave, 
roof sagg ing,  p i l lar  penetration , and floor-bearing  
capacity us ing  instrumentation and n umerical  
model i ng .  
Keyword (s) :  room-and-pi l lar,  floor stabi l ity, 
geologic features, g round contro l ,  roof stab i l ity, 
p i l lar  strength , instrumentation,  mode l ing 
Location (s) : Alabama, Un ited States 
Parker, J. What Can Be Learned from S u rface 
Subsidence? Part 2: Practical  Rock Mechan ics for 
the Miner .  Eng ineering & Min ing  Journa l ,  v. 1 74, 
Ju ly, 1 973,  p. 70-73 . 
Keyword (s ) :  rock mechan ics 
Parker, J .  M .  Sa lt So lution and S u bsidence 
Structures, Wyoming,  North Dakota, and Montana . 
Bul letin American Association of Petroleum and 
Geology, v .  5 1 , no .  1 0, 1 967,  p .  1 929- 1 947 . 
Keyword (s ) :  non-meta l m in ing  
Location (s) :  Wyoming ,  North Dakota , Montana ,  
Un ited States 
Parry-Davies, R. Consol idation of Old Mine 
Workings .  I N :  CO MA: Proceedings of  Sympos ium 
on  Construction Over M ined Areas,  Pretoria ,  May 
1 992,  South African I nstitution of Civi l  Eng ineers, 
Republ ic  of South Africa, p .  223-22 7 .  
This paper describes case h istories o f  the 
appl ications of consol idation of old coa l m ine  
workings,  both in  the  Un ited Kingdom and in  South 
Africa . Different techn iques are inc luded for old coal 
mine workings and for steeply d ipp ing gold m ine  
workings .  
Keyword (s) : coa l  min ing,  meta l m in ing ,  
backfi l l i ng ,  grouting 
Location (s) : Un ited Kingdom, South Africa 
Pasamehmetog lu ,  A. G .  An Investigation into Time­
Dependent Aspects of M in ing  S u bsidence . Ph . D .  
Thesis, Un iversity of Nottingham,  1 97 2 .  
Keyword (s ) :  t ime factor 
Patey, D .  R .  G routing Old M ine  Workings at Merthyr 
Tydfi l .  G round Eng ineering ,  November, 1 977 ,  v .  1 0, 
no .  8, p .  24-27 .  
Keyword (s) :  abandoned mines,  g routin g  
Pathak, 8.  D.  I nvestigation of t h e  Hydrogeological  
Problems in  Some Mines i n  I ndia . I N :  Mine Water, 
Proceedings 2nd I nternationa l  Congress, G ranada,  
Spa in ,  September 1 985 ,  R .  Fernandez-Ru bio, ed . ,  
V .  1 ,  p .  1 8 1 - 1 89 .  
A n  accu rate kn owledge of groundwater flow 
into the mine working  is essentia l  to p lan for safe 
293 
min ing  operations .  The sal ient featu res and resu lts 
of i nvestigations on d ifferent groundwater problems 
i n  three selected col l ieries and mines in  India have 
been presented in th is  paper .  In a copper ore m ine,  
the stud ies i nd icated that due to slow movement of 
g roundwater in the m ine  area , conditions do not 
exist for sudden i nundation of mines through the 
fracture systems, but caving  of water stored 
solut ion cavities in the dolomites and old s lopes 
may cause i n u ndation depend ing upon the size and 
extent of caverns .  The problem of groundwater 
i n ru sh in a few selected col l iery areas have a lso 
been i nvestigated . 
Keyword (s) : coa l m in ing ,  meta l min ing,  
hydrology, subsurface water, mine safety 
Location (s ) : I nd ia 
Pattee, C .  T. ,  C .  J .  Booth . Long-Term Hydrau l ic  
Changes in  a Sha l low Confined Aqu ifer I nduced by 
Lon gwal l  Coal -Mine Subsidence, I l l i no is .  Geological 
Society of America North-Central Section meeting ,  
I owa C ity, Apri l  30 ,  1 992 ,  Abstracts with 
Programs,  v. 24, no .  4, p. 5 9 .  
Keyword (s) : hydrology, subsurface water, coal 
m in i ng ,  longwal l ,  mon itoring  methods, geologic 
featu res 
Location (s) : I l l i nois, I l l ino is Coal Bas in ,  Un ited 
States 
Patton ,  J .  D. Hydrau l ic Stowing .  Transactions,  
I nstitution of M in ing  Eng ineers, v .  47, part 4, 1 9 1 4, 
p .  468 . 
The a uthor d iscusses reasons for development 
of hydra u l ic backfi l l i ng  in Brita in  and ind icates major 
object ions and solutions .  
Keyword (s ) :  economics, hydrau l ic backfi l l i ng  
Location (s) : Eng land 
Pau l ,  J .  W. ,  J .  N .  Geyer. A Study of  Fal ls of  Roof 
and Coal in  M ines of Harrison Cou nty, West 
Virg in i a . U . S .  Bureau of Mines R I  3 1 1 0, 1 93 1 . 
Keyword (s) :  roof stabi l ity, coal m in ing  
Location (s) :  West Virg in ia ,  Appa lach ian Coal 
Region ,  Un ited States 
Pau l ,  J .  W ., J .  N .  Geyer .  Caving Chambers in  
Bitu minous M ines . Transactions, A I ME,  v .  1 08,  
1 934, p .  79-8 7 .  
Keyword (s } :  coal m in ing ,  roof stabi l i ty, roof 
support, bitu m inous 
Location (s) : Pennsylvan ia ,  Appalach ian Coa l 
Reg ion,  Un ited States 
Pau l  W .  J . ,  L. N .  Plein . Methods of Development 
and Pi l lar  Extraction in M in ing  the Pittsburgh 
Coalbed in  Pen nsylvan ia ,  West Virg in ia  and Oh io .  
U .S . Bureau of  Mines IC  6872,  1 93 5 .  
Keyword (s) : coal m i n i n g ,  p i l lar  extraction , 
active mines, mine design 
Location (s) : Pennsylvan ia ,  West Virg in ia ,  Oh io,  
Appalach ian Coal  Region , Un ited States 
Pauvl ik, C. M .  The Effects of Longwa l l  M in i ng  
Subsidence on the  G round Water Conditions of  a 
Sha l low, Unconfined Aqu itard Proximate to O ld  Ben 
Mine 25, West Frankfort, I l l i no is .  M .S .  Thesis,  
Southern I l l i nois Un ivers ity, 1 986,  1 49 p.  
This study presents the resu lts of mon itori n g  a 
sha l low, unconfined, u nconsol idated aqu itard du ri ng  
the  course of  u ndermin ing  and subsidence . 
Keyword (s) :  subsurface water, longwal l ,  
mon itori ng  methods, hydrology, geologic featu res 
Location (s) :  I l l i nois, I l l i nois Coal Bas in ,  Un ited 
States 
Pauvl ik,  C. M . ,  S .  P. Esl i ng .  The Effects of Lon gwal l  
M in ing  Su bsidence on the  G roundwater Conditions 
of a Shal low, Unconfined Aqu itard i n  South ern 
I l l ino is .  I N :  Proceed ings, Nationa l  Symposiu m  
o n  Min ing ,  Hydrology, Sed imentology, and Recla­
mation , December 7- 1 1 ,  1 987 ,  Spr ingfie ld, I L, 
Un iversity of Kentucky, Lexington,  U KY B U 1 45,  p .  
1 89- 1 95 .  
This study investigated the effect o f  su bsidence 
associated with longwal l  m in ing  on a sha l low 
surfic ia l  aqu itard composed of g lac ia l ly related 
sediments .  A coa l seam 2 .4 meters th ick and 1 50 
meters deep was mined from a panel  1 50 meters 
wide.  Th ree mon itoring wel ls,  two insta l led over the 
panel  and one over nearby cha in  p i l lars to serve as 
a control,  were dri l led to bedrock.  They ranged in 
depth from 1 0  to 1 4  meters . Month ly mon itoring  of 
hydrau l ic conductivity, head, and grou ndwater 
chemistry began 2 months before u ndermin ing  and 
contin ued for 1 0  months .  I n  add ition ,  hydrau l ic  
conductivity and head were measu red every few 
days as min ing progressed . The possib le effects of 
su bsidence on groundwater chemistry were 
compl icated by the appl ication of fert i l izer to the 
agricu ltu ra l field . Water table e levations fe l l  as  a 
fu nction of su bsidence, and groundwater flow 
sh ifted from a northerly d i rection toward a stream 
to a northwesterly d irection . Flow retu rned to the 
orig ina l  configuration by the end of the study, but 
the gradient rema ined elevated by 63% . 
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Keyword (s} : coal m in i ng ,  subsurface water, 
hydrology, mon itoring m ethods, active m ines, 
longwa l l ,  geologic featu res 
Location (s) : I l l i nois, . I l l inois Coal Basin , Un ited 
States 
Payne,  A. R . ,  A. K. Isaac .  The Appl ication of 
N u merical Models in Coa l R ib P i l lar  Design at 
Longwal l  Panels . I N :  Research & Eng ineering  
Appl ications in  Rock Masses, Proceedings 2 6th 
U . S .  Sympos ium on Rock Mechan ics, South Dakota 
School  of M ines & Technology, Rapid C ity, J u ne 
2 6-28,  1 985 ,  E .  Ashworth , ed . ,  Ba lkema, 
Rotterdam,  p .  68 5-69 2 .  
T h e  r ib p i l lars left between adjacent longwal l  
panels a re intended to protect the gateroads from 
h armfu l  stress abutments ,  with a reduction in p i l lar  
width genera l ly requ i ring  an increase in  strength of 
the gateroad su pport system . Numerica l model 
s imu lation provides one method of investigating  the 
effect of separate support elements to be eva luated 
together .  
Keyword (s} : model ing ,  mine design ,  longwal l ,  
coa l m in i ng ,  p i l lar  strength 
Location (s) : Un ited Kingdom 
Payne, H. M. Eu ropean Practice of F i l l i ng 
Abandoned Workings With Sand . Eng ineering and 
Min ing Journa l ,  v .  89,  1 9 1 0, p .  522 .  
Th is a rticle describes hydrau l ic sand backfi l l i ng  
at a m ine  i n  Poland ,  inc lud ing methods, costs, and 
materia ls used . 
Keyword (s) : hydrau l ic  backfi l l i ng ,  abandoned 
mines,  economics 
Location (s) : Eu rope, Germany, Poland 
Payne, H.  R .  Opportun ities and Responsib i l ities . I N :  
P la n n ing  and Eng ineer ing Geology, Proceedings 
22nd  An nua l  Conference of  the Eng ineering  G roup  
of  the  G eological  Society, Plymouth Polytechn ic,  
September 8- 1 2 , 1 986, M . G .  Cu lshaw, et a l . ,  eds . ,  
The Geological  Society, London, 1 987,  p .  6 1 7-62 1 .  
Some of the admin· istrative and socia l  
respons ib i l ities fac ing loca l authorities in dea l ing  
with hazardous events such as landsl ides, rock 
fa l ls ,  m in ing  su bsidence,  and coasta l erosion are 
considered . These are i l l ustrated by examples 
d rawn from Wales.  
Keyword (s) : land-use p lann ing ,  engineering ,  
geologic featu res, govern ment 
Location (s ) :  Wa les, Un ited Kingdom 
Payne, H .  R . ,  ed . M in ing  Subsidence : South Wales 
Desk Study: Su mmary of Research and Description 
of th e Mapping Tech n iques Developed . Department 
of the Environment/Welsh Office, Card iff, 1 986,  
39 p .  
Keyword (s) : coal m in ing ,  l iterature search 
Location (s) : Wales 
Payne,  V .  E .  Coal M in ing  S u bsidence and G olden 
Eagle Habitat . I N :  Proceedings Th i rd Workshop on 
Surface Subsidence Due to Undergrou nd M in ing ,  
June  1 -4, 1 992 ,  S .S .  Peng ,  ed . ,  Morgantown , WV, 
p .  1 67- 1 72 .  
Issues between resou rce uti l i zation a n d  re­
source preservation often develop in connection 
with coal min ing . One such confl ict exists in east­
ern Utah where PacifiCorp and Energy West M in i ng  
Company are working with state and federal agen­
cies to address the resource recovery/resource 
preservation d ispute .  The effects of u n derground 
longwal l  coal min ing on golden eagle c l iff nesting  
sites h ave been stud ied at  the Cottonwood Mine  
s ince 1 98 6 .  Su bsidence, escarpment spal l i ng ,  and 
nestin g  activities of  the  local eag le  popu lation were 
mon itored . 
Keyword (s) :  environment, longwa l l ,  coal 
min ing,  active mines, wi ld l ife 
Location (s) : Utah ,  Rocky Mou ntain Coal Reg ion ,  
Un ited States 
Peabody Coal Company. G round Control and S lope 
Stabi l ity . I nformation Circu lar No. 1 38 ,  5/75 ,  1 975,  
1 4  p .  
The  ma in  object of the  study of  slope stabi l ity 
and rock mechan ics is to learn to predict rock 
behavior in  and arou nd excavations with increased 
confidence and to develop ground control . This 
paper presents attempts to study what happens 
and when and where s lopes fa i l  to possibly 
determine why the slope fai led and to develop 
ground control by determ in ing  h ow to prevent 
future fa i l u res . 
Keyword (s) : g round control ,  rock mechan ics, 
coal m in ing  
Peabody Coa l Company. I mpact of  Subsidence 
Regu lations on Peabody Coa l Company. Prepared 
by Peabody Coal Company, I l l inois Divis ion , 
Industria l  Eng ineering Department, Au gust 20, 
1 982 .  
Th i s  report was prepared to  determine the 
potentia l  effect of the proposed su bsidence 
regu lations on Peabody Coal Company 's  m ines and 
reserve areas .  Studies were made of  key areas, and  
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the  resu lts were appl ied to  present operations and  
those in  the  most probable case for the  next 1 0  
yea rs . The stud ies were conducted in  the states of 
Kentu cky, I l l i nois, and Oh io .  The fol lowing infor­
mation was eva luated : ton nage with in  the reserve, 
projected extraction ratio as presently mined ,  pre­
ventive factors affecting  extraction ratio, projected 
extraction ratio to prevent subsidence under the 
proposed regu lations,  ton nage loss, topography of 
the area, and  the potential  percentage of recover­
ab le reserves lost . 
Keyword (s) : law, coal m in ing ,  active mines, 
geologic featu res , room-and-p i l lar, h igh -extraction 
retreat, roof stab i l ity 
Location (s) : Kentucky, I l l i nois,  I nd iana,  Oh io, 
I l l i nois Coal Bas in ,  Un ited States 
Peck,  R .  B .  Deep Excavation and Tun nel l i ng  in Soft 
G roun d .  I N :  7th Internationa l  Conference on Soi l  
Mechan ics. and Foundation Eng ineering ,  Mexico 
C ity, 1 969 . 
Keyword (s ) : tu nne l l ing ,  soi l  mechan ics, 
eng ineeri ng  
Peele,  R .  M in i ng  Eng ineers ' Handbook. v .  1 ,  3rd 
edition ,  John Wi ley & Sons,  New York, 1 944. 
Th is  handbook was written in 1 929  and revised 
in 1 94 1 . It is  usefu l as a h i storical and develop­
m enta l  reference for m in ing  procedu res, but it is  not 
cu rrent  enough for modern subsidence control 
tec h n iques .  
Keyword (s) : h i storical 
Location (s) : Un ited States 
Pel l iss ier, J .  P . ,  A. A. B. Wi l l iams, B .  G .  Lunt .  Pre­
d icting  and Assessing Undermin ing- Induced Distress 
in Typical  South African Bu i ld ings . I N :  CO MA:  Pro­
ceedings of Symposiu m  on Construction Over 
M ined Areas, Pretor ia,  May 1 99 2 .  South African 
I nstitution of Civi l  Eng ineers, Republ ic of South 
Africa , p. 1 1 7 - 1 23 .  
H igh -extraction coa l-m in ing  has the advantage 
that a h igh  percentage of the ava i lable coa l can be 
extracted, but a d isadvantage in that it causes 
s u rface subsidence . Bu i ld ings on the surface may 
show d istress if u n dermined and a method of 
predictin g  th is d istress and of assessing the 
potentia l  damage is  requ i red to help mine 
a uthorities make decis ions about the econ omics of 
u nderm i n in g .  
Keyword (s ) : surface structural damage, active 
m ines, p rediction , geologic featu res, foundations, 
h orizontal d isp lacement, structu ral m itigation 
Location (s) : South Africa 
Pel l issier, J .  P . ,  A .  A .  B .  Wi l l i ams.  The Cel l u l a r  Raft 
Foundation for Bu i ld ings Over M ined Areas . I N :  
COMA: Proceedings of Sympos ium o n  Construction 
Over Mined Areas,  Pretoria, May, 1 992 ,  South 
African I nstitution of Civi l  Eng ineers, Repu bl ic of 
South Africa, p .  1 25- 1 30.  
Th is paper  discusses design of new bu i ld i ngs to 
resist or accommodate soi l  deformation due  to h igh ­
extraction coal min i n g .  Also inc luded is  i nformation 
on foundation design for structu res in the gold 
f ields of South Africa . The most appropr iate 
methods of construction for South African 
condit ions a re reviewed . 
Keyword (s ) :  coa l m in ing ,  meta l m in i ng ,  active 
mines, foundations, engineering ,  structu ra l  
m itigation , vertical displacement, h orizontal 
d isplacement, lab testing ,  in  s itu testing ,  geolog ic 
features, p i l lar  extraction , longwal l  
Location (s ) :  South Africa 
Pel ls ,  P .  J. N . ,  J. C. Braybrooke, J. Mong,  G .  P. 
Kotze .  Cl iff Line Col lapse Associated with M in i ng  
Activities . IN :  Proceedings, Extension Cou rse on  
So i l  S lope I nstabi l ity and Stabi l isation , Sydney, 
Austra l ia ,  November 30-December 2, 1 987 ,  B . F .  
Wa lker a n d  R .  Fel l ,  eds . ,  Ba lkema,  Rotterdam,  p .  
359-385 . 
This paper gives information on rockfa l ls  and 
landsl ides with in eight a reas in  the  Sydney Basi n  
where coal or o i l  sha le m in i ng  has occu rred 
beneath , or adjacent to, sandstone escarpments . 
The fa i l u res have occu rred between about 1 9 1 4  
and the present day and h ave varied from m inor  
rockfa l ls  to  approximately 30 mi l l ion  ton  rocks at  
· Natta i  North . 
Keyword (s ) :  geologic features, coa l  m in i ng ,  
longwal l ,  su rface su bsidence damage 
Location (s) : Austra l ia 
Pendleton,  J.  A .  The Regu lation of Coal M ine  
Subsidence in Colorado . IN :  M ine  Subsidence, M . M .  
S ingh ,  ed . ,  Society of M in ing  Eng ineers Fal l  
Meeting ,  September, 1 986,  St .  Lou is,  MO, S M E, 
Littleton,  CO, p .  1 0 1 - 1 08 .  
I n  response to Publ ic Law 95-87 (SMCRA} , 
Colorado promu lgated regu lations govern ing  the 
min ing of coa l .  These regu lations requ ire the 
prediction , mon itori ng,  and m itigation of "mater ia l  
damage11 caused by subsidence . Al l  permitted 
undergrou nd coal mines with i n  Colorado have 
approved su bsidence programs .  Prel im inary 
mon itor ing resu lts ind icate the subsidence 
mechan ical predictions have been suffic iently 
accurate to preclude material su bsidence damage . 
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The State of Colorado h as developed a practica l 
approach to regu latin g  subsidence . It stresses 
mon itor ing verification of predicted su bsidence 
phenomen a .  However, shortcomings exist i n  our  
ab i l ity to predict precisely the secondary con­
sequences of  su bsidence, inc lud ing effects to 
structures, the hydrolog ic ba lance,  and the environ­
ment. Lack of accu racy in  pred icting  these secon­
dary consequences resu lts in uncertainty, neces­
s itating  conservatism in permittin g .  Futu re research 
should emphasize the secondary consequences of 
subsidence to avoid increasingly stri ngent permit 
restrictions . 
Keyword (s) : coal m in ing ,  law, mitigation , 
mon itor ing methods, prediction , hydrology, su rface 
structu ra l damage, part ia l  extraction , longwal l ,  
ang le of  d raw, land-use p lann ing ,  mine design , mine 
operation 
Location (s) :  Colorado ,  Rocky Mou nta in  Coa l 
Region ,  U n ited States 
Peng ,  S .  S .  How F ive Different Mines Apply 
Shortwal l  Methods to Mine Coa l .  Coal Age, March , 
1 97 6, p .  8 2-8 8 .  
Keyword (s ) : roof support, g round contro l ,  
shortwal l ,  coa l  min ing,  m ine  design ,  active m ines 
Peng,  S .  S .  Roof Control Study of Low Coa l Area, 
O lga N o .  1 M ine ,  Coalwood, WV. F ina l  report, U .S .  
Bureau of M ines Contract J O  1 55 1 25,  J u ly, 1 976,  
2 2  p .  
Keyword (s ) : longwal l ,  roof stabi l ity, g round 
contro l ,  p i l l a r  strength , m ine  des ign ,  coa l m in ing  
Location (s) : West Vi rg in ia ,  Appalach ian Coal 
Region , Un ited States 
Peng ,  S .  S . ,  D. W. Park.  A Review of Shortwal l  
M in i ng  in  the Un ited States . Coal M in ing  & 
Processing ,  December, 1 977,  p .  54-5 9 .  
Keyword (s) : roof support, shortwal l ,  coal 
m in ing  
Location (s } :  Un ited States 
Peng ,  S .  S . ,  D. W. Park.  Rock Mechan ics Study for 
the S hortwal l  M in ing  at the Val ley Camp No .  3 
Mine,  Triadelph ia,  WV. F ina l  report, U .S . Bureau of 
M ines Contract JO 1 55 1 25 ,  December, 1 97 7 .  
Keyword (s) : m i n e  design ,  grou nd control ,  
shortwal l ,  rock mechan ics, roof stabi l ity, coal  
m in ing  
Location (s) : West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Peng,  S .  S .  Roof Control Stud ies at Olga No .  1 Coal 
Mine, Coa lwood, WV. I N :  Energy Resou rces and 
Excavation Tech nology, Proceedings 1 8th U .S .  
Symposium on Rock Mechan ics, Keystone,  CO, 
June  22-24, 1 977,  F . -D.  Wang and G . B . C lark ,  
eds . ,  Colorado School of  M ines Press, Golden ,  p .  
1 C3- 1 -- 1  C3-6 .  
Two factors appeared to contro l  the fa l l  of  roof 
in the Low Coal Area of the Olga No .  1 M ine :  one is 
related to coal extraction; the other is i ndependent 
of coa l extraction and has to do with local 
geological features . 
Keyword {s) : geologic featu res, roof stab i l ity, 
coa l m in ing ,  active mines 
Location (s) : West Virg i n ia ,  Appalach ian  Coal 
Region , Un ited States 
Peng ,  S. S . ,  M .  H .  Maung . Formu la  for Shape and 
S ize  Effects of  U .S .  Coal P i l l a r  Strength , A 
Comprehensive Review . Col lege of M ineral and 
Energy Resources, West Virg in ia Un iversity, 
Morgantown , December, 1 97 8 .  
Keyword (s) : p i l lar  strength , coal m in ing  
Location (s) : Un ited States 
Peng ,  S .  S .  Surface Subsidence . I N :  Coal M ine  
Ground Control ,  Chapter 9 ,  John  Wiley & Sons,  
New York, 1 978 ,  p .  28 1 -342 . 
This chapter c lassifies and d iscusses two 
grou nd movement theories : descriptive theories and 
conti nuum mechan ics theories . The author ana lyzes 
su bsidence trough determination inc lud ing  descrip­
tions of profi les, stra ins,  profi le  slopes, and profi le 
curvatu res . Subsidence measu rement tech n iq ues, 
surface damage, and prevention of damage to 
surface faci l ities are a lso covered . 
Keyword (s) : vertical  d isplacement, horizontal 
displacement, surface structu ra l damage, mine 
des ign,  monitoring  design ,  survey methods, su rvey 
equ ipment, prediction,  descriptive theories, 
conti nuum mechan ics, coal m in ing ,  pred iction 
theor ies, ground control 
Peng, S .  S . ,  K. K.  Koh l i ,  S. L .  Chen g .  Su rface 
Subsidence and Structu ra l  Damages Due to 
Underground Longwall  Coal M in ing--A Case Study . 
I N :  Rock Mechanics:  A State of the Art, 
Proceedings 2 1 st U . S .  Sympos ium on Rock 
Mechan ics, Un iversity of M issou ri at Rol la, May 
28-30, 1 980, D .A .  Summers, ed . ,  p.  275-284.  
This paper presents a case h istory of  surface 
subsidence over a longwal l  section at an eastern 
Ohio mine,  inc lud ing surface mon itoring  p lans,  
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measu red resu lts, and subsequent surface structu ra l 
damages.  
Keyword (s } : surface structural damage, 
mon itori ng  design , survey design ,  mine operation,  
longwa l l ,  coa l  m in ing  
Location (s) : O h io,  Un ited States, Appa lachian 
Coal Reg ion 
Peng ,  S.  S . ,  S .  L .  Chen g .  Eva luation of Surface 
S u bs idence Potentia l  Due to Underground Coal 
M in i ng  at Upper Shavers Fork, Monongahela 
N ationa l  Forest, Randolph/Pocahontas County, WV. 
Report on  Office of Su rface Min ing  PO P52 1 1 006, 
West Virg in ia  Un iversity, 1 980, 62 p .  
Keyword(s} :  surface su bsidence damage, 
environment, coa l m in ing ,  land-use plann ing  
Location (s) : West Virg in ia ,  Appalachian Coal 
Region , Un ited States 
Peng ,  S .  S . ,  U .  Chandra . G etting  the Most from 
M u lt ip le Seam Reserves . Coal M in ing  & Processing,  
v .  1 7, no.  1 1 , 1 980, p .  87-84.  
Keyword (s) : mu ltip le-seam extraction ,  coal 
m in i ng  
Pen g ,  S . S . ,  K .  Matsuki ,  W .  H .  Su . 3 -D  Structu ra l 
Ana lysis of Longwa l l  Pane ls .  I N :  Rock Mechan ics : 
A State of the Art, Proceedings, 2 1 st U . S .  Sym­
pos i um on Rock Mechan ics, Univers ity of M issouri 
at Rol l a ,  May 28-30, 1 980, D .A .  Summers, ed . ,  p .  
44-5 6 .  
Three-d imensiona l  f in ite element ana lyses were 
performed to determ ine the major contro l l ing fac­
tors in the design of an advancing longwal l  panel  
and  its support systems . Comparisons of stress 
redistribution between advanc ing and retreating  
longwal l  systems and between r igid and soft 
support systems are presented a long with the 
eva luat ions of the importance of those parameters, 
such as panel  size, caved area, packwal l  materia l ,  
packwal l  width and state of in s itu stress . The 
ana lyses show that the most inf luential  factors i n  
the design eva luation are face width , You n g ' s  
modu lus  of t h e  packwal l  materia l ,  packwal l  width , 
and  in s itu lateral stresses . An example is presented 
to i l l ustrate how these inf luentia l  factors can be 
i ncorporated i nto the selection of design 
a lternatives . 
Keyword (s ) :  longwal l ,  coal m in ing ,  rock 
mechan ics, model ing ,  f in ite element 
Location (s) : Un ited States 
Peng,  S .  S . ,  S .  L. Chen g .  Pred icting Su rface 
Subsidence for Damage Prevention . Coal M in i ng  & 
Processing ,  v. 1 8 , no .  5, 1 98 1 ,  p .  84-95 .  
Th i s  paper conta ins  background  i nformation 
on su bsidence eng ineering ,  with reference to 
subsidence-related structu ra l  damage, and damage 
prevention techn iques .  An empirical subsidence 
prediction method is discussed . 
Keyword (s) : vertical d isp lacement, surface 
structura l damage, prediction ,  coa l m in ing  
Peng,  S .  S . ,  S .  L .  Cheng .  House Damages Due to 
Room and Pi l lar Min ing . I N :  Proceedings,  22nd  U . S .  
Rock Mechan ics Sympos ium,  Cambridge, MA, J u ne 
1 98 1 ,  p .  335-340 .  
Keyword (s ) :  surface structu ra l damage, room­
and-pi l lar  
Peng, S.  S . , D .  Y. Gen g .  Su rface S ubsidence, 
Overburden Behavior and Structural  Damages Due 
to Longwal l  M in ing--Two Case Studies . I N :  
Proceedings, 2nd I nternationa l  Conference on 
Stabi l ity in  Underground Min ing ,  1 982 ,  Un iversity 
of Kentucky, p .  497-523 . 
Keyword (s) : lon gwa l l ,  overbu rden ,  surface 
structural damage, coal m in ing  
Peng ,  S .  S . ,  C .  T .  Chyan . Su rface S u bsidence,  
Su rface Structura l Damages and S u bsidence 
Predictions and Model ing in  the Northern 
Appa lachian Coalfield . I N :  Proceedings,  Workshop 
on Su rface Subsidence Due to Underg round  M in i ng ,  
Morgantown , WV, November 30-December 2 ,  
1 98 1 ,  S . S .  Peng and  M .  Harth i l l ,  eds . ,  Department 
of M in ing  Engineering ,  West Virg in ia  Un ivers ity, 
1 982,  p. 73-84. 
This paper is  a summary document of five 
previously publ ished papers on subsidence over 24 
longwa l l  panels and 5 room-and-pi l lar  sections i n  
t he  northern Appalachian coalfield; i t  i nc ludes the 
physical characteristics of 54 surface subsidence 
profi les col lected for longwal l  and room-and-p i l lar  
m in in g .  Empirical and ana lytical methods of 
prediction and model ing are d iscussed in deta i l . 
Keyword (s) : vertical d isplacement, surface 
structu ra l  damage, longwal l ,  room-and-p i l lar, 
prediction , model ing 
Location (s) : Appalach ian  Coal Region , Un ited 
States 
Peng ,  S .  S. , D. Y. Gen g .  Methods of Predicting  the 
Su bsidence Factor, Angle of Draw and An gle of 
Critical Deformation . I N :  State-of-the-Art of G round  
Contro l in Longwa l l  M in i ng  and M in ing  S u bsidence,  
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S M E-AI M E, Y. P .  Chugh and M. Karmis, eds . ,  
September, 1 98 2 ,  p .  2 1 1 -22 1 . 
Th is report ana lyzes the effects of geology and 
min ing methods on su bsidence factor, ang le of 
d raw, and angle of critical  deformation based on 
the resu lts of 40 longwal l  subs idence profi les in the 
northern Appalach ian coalfield .  
Keyword (s) :  vertical displacement, horizonta l  
d isplacement, longwal l ,  prediction,  g round  control ,  
ang le of d raw, geologic features, coa l m in ing  
Location (s) : Appalach ian Coa l  Region , Un ited 
States 
Peng,  S. S . ,  H. S. Ch iang .  Roof Stabi l ity in  
Lon gwal i  Coa l  Faces . I N :  Proceedings, 1 st 
I n ternationa l  Conference on Stabi l ity in  
Underground Min ing ,  Vancouver, British Colu mbia,  
August, 1 982 ,  p .  2 95-335 .  
Keyword (s) : coa l m in i ng ,  roof stabi l ity, 
longwal l ,  g round control 
Peng ,  S .  S . ,  S. M .  Hs iu n g .  Development of Roof 
Control Criteria for Longwal l  M in ing--Parametric 
Model i ng  I .  I N :  Strata Mechan ics, Proceedings of 
the Symposium,  Un ivers ity of Newcastle-u pon­
Tyne, Apr i l ,  1 982,  l .W.  Farmer, ed . ,  Elsevier, New 
York, p. 5 1 -5 8 .  
Keyword (s) : coa l m in ing ,  roof stabi l ity, 
longwa l l ,  mode l ing 
Peng ,  S .  S . ,  H .  S .  Ch ian g .  Longwal l  G round 
Control--U . S .  Experiences Journa l  of  Mines, Meta ls, 
and Fuels,  September, 1 983,  Special  Number on 
Update on Lon gwal l  M in ing--Evolving Trends, p .  
397-4 1 5 .  
F o r  over a decade, longwa l l  m in ing  in  the 
Un ited States has bee.n demonstrated to be safe 
and easi ly in com pl iance with cu rrent laws . It is 
h i gh ly productive provided it is properly des igned 
and  operated . 
Keyword (s) : longwal l ,  roof support, roof 
stabi l ity, m ine  design 
Location (s) : Un ited States 
Peng,  S .  S . ,  D. Y. Gen g .  The Appalach ian Fie ld : 
G eneral Characteristics of Su rface Subsidence and 
Mon itoring  Methods . I N :  Su rface Min ing 
Environ mental Mon itoring  and Reclamation 
Handbook, L .V.A.  Sendle in ,  et a l . ,  eds . ,  Coa l 
Extraction and Uti l ization Research Center, 
Southern I l l ino is Un iversity, Carbonda le,  U . S .  
Department of Energy Contract N o .  DE  AC22 80ET 
1 4 1 46 ,  E lsevier, New York, 1 983,  p. 627-646 . 
This paper discusses the zones of caving  and 
deformation found  from just above the  m ined-out 
coal seam up  to the smface . I n  addition , many 
terms and concepts are defined . 
Keyword(s} : vertical d isplacement, horizontal 
displacement, angle of draw, coal m in ing ,  
overbu rden , prediction , longwa l l ,  mon itoring  
methods, survey methods 
Location (s} :  Un ited States 
Peng,  S .  S . ,  H .  S .  Ch iang . Lon gwal l  M in ing .  John 
Wi ley & Sons,  New York, 1 984, 708 p .  
Keyword (s} : longwal l ,  m ine design ,  surface 
structu ral damage , active mines,  coa l m in ing ,  
mon itoring methods, survey data process ing,  
overbu rden , vertical d isp lacement, horizonta l  
displacement 
Peng ,  S .  S. Longwal l  M in ing  in  the US : Where Do 
We Go  From Here? M in ing  Eng ineering ,  March ,  
1 985,  p .  232-234. 
Modern longwal l  m in ing ,  introduced to the 
Un ited States coal  industry i n  the mid- 1 960s, is  the 
latest coa l  m in ing  techn ique .  Today, longwa l l  
m in ing  produces more than  1 5% of  a l l  u n derground  
coal production . The  growth of longwal l  m in ing  i n  
the Un ited States i s  slow.  Nearly two decades of 
longwal l  m in ing  have demonstrated that its benefits 
outweigh the d isadvantages . 
Keyword (s} : longwal l ,  coal m in ing ,  mine safety, 
economics, active mines, mine design 
Location (s} : Un ited States 
Peng ,  S . S . ,  W .  H .  Su . Socio-Economic, 
Subsidence, Transportation and Legal  Ramifications 
of  Potentia l  Liquefaction P lant  S itings .  Task :  
Prediction of Subsidence Potential  Over Abandoned 
Mine Lan d .  F ina l  Report to Pittsburgh Energy 
Technology Center, U .S . DO E,  G rant No . DE­
FG22-83 PC60053, 1 986,  West Virg in ia  Un ivers ity, 
Morgantown , 32 p .  
The pu rpose of th is study i s  to investigate the 
causative factors for  subsidence over abandoned 
coal  mines .  Roof caving ,  p i l lar  fa i l u re,  and p i l lars 
punch ing into soft mine floor are d iscussed in  
detai l . Aging and creep are considered two of  the 
most important processes contro l l ing the causative 
factors . Creep tests of coa l  measure rocks were 
conducted in the laboratory to better define  the 
time-dependent behavior of coal p i l lars and the 
rocks surrounding them . Procedu res for predictin g  
su bsidence potentia l  over an abandoned coal m ine  
were proposed us ing a combined statistical and 
material strength approach . 
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Keyword (s } :  coal m in ing ,  abandoned mines, 
roof stabi l ity, p i l lar strength , f loor stabi l ity, lab 
testin g ,  prediction 
Location (s } : Un ited States 
Peng ,  S .  S .  Case Stud ies I l lustrate the Need for a 
New Concept of Coal P i l lar  Design . M in ing  
Eng ineeri ng ,  v .  38 ,  no .  1 1 , November, 1 986,  p .  
1 033- 1 03 5 .  
The most commonly used g round control design 
i n  coa l m in i ng  is  the determination of p i l lar  s ize by 
various  pi l lar stren gth formu las for mine layout .  
However, there h ave been few documented case 
h istories concern ing  the va l id ity of those strength 
formu las .  
Keyword (s) : p i l l a r  strength , room-and-pi l lar ,  
mine design ,  roof support, fin ite element, coal  
m in i ng ,  g round  control 
Location (s) : Un ited States 
Peng ,  S .  S . ,  W. M .  Ma, W. L .  Zhon g .  Longwal l  
M in i ng  Under Linear Structu res--A Case Study. I N :  
M i n e  S u bsidence, M . M .  S ingh ,  ed . ,  Society of 
M in i ng  Eng ineers Fa l l  Meeting ,  St .  Lou is,  MO,  
September, 1 986,  S M E, Littleton,  CO, p .  5 1 -64. 
Across a longwal l  section that consisted of 
seven panels, there were two h igh  pressure gas 
transmission pipel ines bu ried from 3 to 1 0  feet 
below the su rface . Stra in  gages were mou nted on 
the p ipe l ines above th ree of the panels to inves­
t igate the stress condit ions susta ined by the pipe­
l i nes d u ri ng  underground longwa l l  m in in g .  Survey 
mon u ments were also insta l led a long ,  but near, the 
p ipe l ines .  This paper presents a su bsidence 
prediction method and the prel im inary resu lts of 
p ipe l ine stress condit ions as affected by under­
grou nd longwa l l  m in ing .  
Keyword (s) : longwal l ,  p ipe l ines, su rvey 
m ethods, mon itoring  methods, pred iction , survey 
data processing,  horizonta l  d isplacement, inf luence 
fu nction 
Peng,  S. S . ,  A .  W. Khair, Y. Luo .  Topograph ical 
Effects of S u rface Subsidence--A Case Study. I N :  
Proceed ings, Nationa l  Sympos ium o n  Min ing ,  
Hydrology, Sedimentology, and Reclamation , 
S pringfield, I L, December 7- 1 1 ,  1 987,  Un iversity of 
Kentucky, Lexington,  p .  223-2 2 8 .  
S u rface movement, i nclud ing vertical sub­
s idence and horizontal d isplacement due to longwal l  
m in ing ,  was  measured for a panel located in a steep 
terra in . The measured vertica l  subsidence matched 
fai rly wel l  with that predicted by the probabi l ity 
integration fu nction method wh i le the measured 
horizontal d isplacement d iffered considerably from 
that pred icted by the focal point method for flat 
su rfaces . In most cases the h orizontal d isp lace­
ment moved downward a long the true dip d i rection  
regardless of face location and panel  geometry. I t  
was hypothesized that  top so i l  moved separately 
from the bedrock and contr ibuted to the excessive 
horizonta l  d isplacement . 
Keyword (s) :  vertical d isplacement, horizontal 
d isplacement, lon gwa l l ,  geologic features , 
overbu rden , computer, model i ng ,  coa l m in i ng ,  
su rvey design ,  survey methods, survey data 
processing 
Location (s) :  West Virg in ia ,  Appalach ian  Coa l  
Region , Un ited States 
Peng,  S .  S . ,  P. M .  L in,  S .  M .  Hsi ung . S u bsidence 
Over AML and Its Causes--A Case Study . I N :  M ine  
I nduced Su bsidence : Effects on  Eng ineered 
Structu res, Proceedings of the Symposiu m ,  
Nashvi l le,  T N ,  May 1 1 , 1 988 ,  ASCE Geotechn ical 
Special Publ ication No .  1 9 , p. 1 47- 1 67 .  
Subsidence over abandoned m ined lands can 
be attr ibuted to severa l causes . For purposes of 
compensation,  l iabi l ity, and development of 
remedia l  measures, it is essential  to identify the 
real causes . Deta i led procedu res for a subsidence 
investigation are g iven in th is paper.  The keys to 
identification and determination of the causes and 
severity of  damages are i l l ustrated and d iscussed 
th rough a case study in this paper.  
Keyword (s ) :  a bandoned mines,  su rface 
structural damage, monitoring  methods, 
instrumentation, mon itoring equ ipment 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Region,  Un ited States 
Peng ,  S .  S .  Development of an I mproved Lon gwa l l  
M in ing  Techn ique--An I ntegrated M u lt id isc ip l inary 
Approach . S M E  Preprint 8 9- 1 88 ,  for presentation at 
S M E  An nua l  Meeting,  Las Vegas, NV, Februa ry 27-
March 2 ,  1 989 ,  1 8  p .  
An expert team consisting  of  geology, c ivi l  
engineering ,  and mining eng ineering professors was 
organ ized to investigate several problems of long­
wa l l  min ing in th ree mine s ites . Problems inc luded 
site investigation , panel layout and support se lec­
tion , overbu rden strata movement, surface sub­
sidence and structural damages, slope stabi l ity, wel l  
and stream dewatering ,  and other topics . The 
resu lts inc lude the development of a PC software 
package such as powered support selection , 
surface subsidence prediction ,  optimum pane l  
d imension , and pi l lar design . 
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Keyword (s) : longwal l ,  overburden , surface 
structural damage, surface water, subsurface 
water, computer, prediction ,  coal m in ing  
Location (s ) : Un ited States 
Peng ,  S .  S . ,  Y. Luo .  S lope Stab i l ity Under the 
I nf luence of G round  Su bsidence Due to Longwal l  
M in ing .  M in ing  Science and Technology, v .  8 ,  no .  
2 ,  1 98 9 ,  p .  8 9-9 5 .  
S u rface subsidence, especia l ly h orizontal 
d isp lacements, i nduced by underground longwal l  
m in i ng  i n  h i l ly  reg ions is  reportly d ifferent from that 
i n  level areas . The mechan isms beh ind  th is  
phenomenon are not clear however. Here, th is 
problem is considered to be a slope stab i l ity 
problem,  and a mathematical model is proposed 
to assess the slope stab i l ity under the inf luence of 
su bsidence due  to longwa l l  m in i ng .  
Keyword (s) : coa l  m in ing ,  longwal l ,  h orizontal 
d isp lacement, mathematical model,  overburden,  
model ing  
Peng ,  S .  S .  Some Basic Problems in Coa l  Mine 
G round Control Discussed . Min ing  Eng ineering ,  v .  
4 1 , no . 8 ,  August ,  1 98 9 ,  p .  835-838 . 
The b iggest problem in coal m ine  ground control 
is that m iners are deal ing with materials of rapid ly 
varying  properties and occu rrence and only the 
exposed surface can be identified positively.  Th us,  
in  attemptin g  to solve ground  control problems, 
many u nknown factors are assumed . Some of the 
problems derivin g  from such assumptions are 
d iscussed here, i nc lud ing  coal p i l lars, geolog ica l  
conditions,  in  s itu stress, i nstru mentation,  computer 
model ing ,  su rface subsidence,  and floor heave . 
Keyword (s) :  coal m in ing ,  g round control , 
i nstrumentation , computer, model ing ,  floor stab i l ity, 
roof stab i l ity, rock mechan ics, geologic features, 
vertical d isplacement, horizontal displacement, 
subsurface water 
Location (s) :  Un ited States 
Peng,  S .  S .  Comments on Surface Subsidence 
Prediction . M in i ng  Science and Tech nology, v .  1 1 , 
1 990, p .  207-2 1 1 .  
The problems concern ing the appl ication of 
various  types of subsidence prediction models are 
d iscussed , i nc lud ing  model imperfection , errors in  
representative coefficients or parameters and 
subsidence su rvey, and h u man errors . Pred iction 
accuracy and methods of evaluat ing model 
p rediction accuracy are a lso discussed . 
Keyword (s) : prediction,  pred iction theories, coal 
m in ing ,  mode l ing ,  fin ite element, geologic features, 
profi le function, i nfl uence function 
Peng,  S. S. Su rface Subsidence Eng ineeri n g .  
Society for M i n i n g ,  Meta l l u rgy, and Exploration,  
Inc . ,  Littleton,  CO, 1 992 ,  1 6 1 p .  
Su rface su bsidence caused by underground 
m in ing  i s  an o ld  problem that did not receive its 
due attention in the Un ited States u nti l after the 
m id- 1 960s . The increasing  use of longwa l l  m in ing  
and fu rther hous ing development into the aban­
doned m ined lands in  suburban areas fu rther 
accelerated publ ic concerns about su rface su bsi­
dence resu lti ng from underground m in in g .  Many 
research programs have been in itiated and 
completed s ince the  passage of  S MCRA in  1 977 . 
The data obtained from these intens ified research 
programs have demonstrated that surface sub­
sidence due to underground m in ing  is a compl icated 
problem resu lt ing from the interaction between 
min ing  operation ,  overbu rden geological  conditions,  
and t ime.  As such,  the exact process and its pre­
diction and prevention tend to be s ite specific, 
although there are general trends and pr inciples 
appl icable to most subsidence problems .  In th is  
book, the genera l  trends and pr inciples about 
su rface su bsidence due to undergrou nd coal  m in i ng  
are d iscussed . 
Keyword (s) : active mines, coa l m in ing ,  
engineering ,  overburden , geologic features, vertica l  
disp lacement, horizontal d isplacement, prediction , 
profi le function ,  i nfl uence fu nction ,  fi n ite e lement, 
mathematica l model,  model ing ,  prediction theories, 
su rface structu ral damage, structu ral m it igation , 
mon itor ing methods, room-and-pi l la r, longwal l ,  
abandoned mines, subsurface water, hydrology 
Peng ,  S .S .  Underground Design Models Prove 
Practica l .  Coal ,  v. 97,  no .  5, May, 1 992 ,  p .  46-49 . 
Combin ing  developmental theories and field 
va l idation,  fou r  g round control programs h ave been 
developed : PI LLAR, ROO FBOLT, DEPOWS, AND 
C ISPM .  A l l  of  the  programs can  be used for long­
wal l  and room-and-pi l lar m ine design .  
Keyword (s) : model i ng ,  m ine  design ,  active 
mines,  longwal l ,  room-and-p i l lar, surface structu ral 
damage, coal m in ing ,  fin ite element, geologic 
featu res, yield ing supports, prediction,  p i l lar  
strength 
Location (s ) :  Kentucky, West Virg in ia ,  
Appalach ian Coal Reg ion,  Un ited States 
30 1 
Peng ,  S .  S . ,  Y. Luo .  Comprehensive and I ntegrated 
S u bsidence Pred iction Model -C I S PM (V2 .0) . I N :  
Proceedings Th i rd Workshop o n  Surface Su bsidence 
Due  to Underground Min ing ,  June  1 -4, 1 992 ,  S .S .  
Peng ,  ed . ,  Morgantown , WV,· p .  22-3 1 . 
Th is paper presents a computer program for 
predictin g  su rface movement and deformation 
caused by u nderg round coal extractions.  The 
progra m  is capable of pred icting final surface 
movement and deformation over underground 
open ings, p redicting  dynamic surface movement 
and deformation process associated with under­
ground  longwa l l  m in ing  operations, process ing 
subsidence data , recommending subsidence 
parameters for those new coal m ines where no 
subsidence data a re ava i lable, and deducing 
subsidence parameters from col lected data . 
Keyword (s) : com puter, pred iction ,  coal m in ing ,  
active m ines, longwal l ,  geologic featu res, 
mathematical model ,  i nf luence function 
Peng ,  S .  S . ,  Y. Luo .  A New Method for Design ing 
S u pport Area to Protect Su rface Structu res Over 
Underground  Coal M in ing  Areas .  Society for M in ing  
Meta l l u rgy and Exploration Preprint 93-265, for 
presentation at S M E-AI M E  An nua l  Meeting ,  Reno, 
NV, February 1 5- 1 8 , 1 993,  7 p .  
The s ize o f  t h e  su pport area for structures de­
s igned as stated in  the Pen nsylvan ia Undergrou nd 
Coal  M in i ng  Ru les ( 1 985 )  wi l l  be excessively large, 
resu lt in g  in  wastefu l use of the coa l reserve when 
the overbu rden depth is more than 350 feet . A 
more scientific method is p roposed for des ign ing  
the su pport a rea . This method is based on a large 
amount  of subsidence data col lected th roughout a 
n u mber of major coal fields in the Un ited States and 
the a uthors ' experience with mon itor ing and pro­
tecting  surface structu res u ndermined by longwal l  
pane ls .  It  considers the critical  deformation ind ices 
that a structu re can tolerate, and depth and he ight  
of u n derground extraction . The support area de­
s igned by this new method wil l  not only assure the 
safety of the structu re to be su pported but a lso 
maximize the extraction of the coa l reserve . 
Keyword (s) : coa l m in ing ,  surface structu ral 
damage, active m ines, longwal l ,  partial extraction, 
overb u rden,  influence fu nction 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Peng ,  S .  S .  Strength of Laboratory-Sized Coa l 
S pecimens vs . Underground Coa l P i l lars .  Min ing 
Eng ineeri ng ,  v .  45 , no .  2 ,  February 1 993,  p .  
1 5 7- 1 58 .  
Is the laboratory-sized coal specimen m uch 
stronger than underground coal p i l lars?  The answer 
to th is question has a profound impl ication for many 
coa l operators . It  wi l l  decide how much of  the coa l 
reserve can be recovered . 
Keyword (s ) :  p i l lar  strength , lab testing ,  coa l 
m in ing ,  rock mechan ics 
Location (s) : Un ited States 
Peng ,  S .  S . ,  ed . Proceedings,  1 st Conference on 
Ground Control in  Min ing .  Department of  M in i ng  
Engineering ,  Coll ege of M inera l and  Energy 
Resources, West Virg in ia  Univers ity, Morgantown , 
J u ly 1 9 8 1  I 2 5 9 p • 
Keyword (s) : g round control , coal m in i ng ,  p i l l a r  
strength , roof stab i l ity, roof bolti ng ,  longwal l ,  
prediction , mon itoring  methods 
Penman,  D .  Hydrau l ic Stowing  in  Thick Seams of 
I nd ia . Transactions,  I nstitution of M in i ng  Eng ineers ,  
v • 80 f 1 930-3 1 I p • 1 23 • 
Hydrau lic  backfi l l i ng  i n  I nd ia  i s  described, where 
many seams are more than 20 feet th ick and  range 
up  to  90 feet th ick.  
Keyword (s) :  hydrau l ic backfi l l i ng ,  p i l lar  
extraction ,  room-and-pi l lar  
Location (s ) :  I nd ia  
Pen n ington ,  D . ,  J .  G .  H i l l ,  G .  J .  Burgdorf, D .  R .  
Price . Effects of Longwal l  M ine  S u bsidence on 
Overlying Aqu ifers in Western Pen nsylvan i a .  U . S .  
Bureau of Mines O F R  1 42-84, 1 984, 1 29 p .  ( NTIS 
PB84 2367 1 0) 
G roundwater levels and su bsidence were 
mon itored over a longwal l  pane l  of a deep coal 
m in ing  operation located in western Pen nsylvan i a . 
Keyword (s) : subsu rface water, longwal l ,  
hydrology, coa l min ing,  geophysica l ,  overbu rden ,  
i nflow 
Location (s) :  Pennsylvan ia ,  Appa lach ian Coal  
Region , Un ited States 
Pen nsylvan ia Anth racite Subsidence Commission . 
F ina l  Report. Submitted to the Legis lature ,  M arch 
1 5 I 1 9 43 t 1 2 p • 
Keyword (s ) :  government, anth racite, coal 
m in ing ,  law 
Location (s) : Pennsylvan ia ,  Appalach ian  Coal 
Reg ion , Un ited States 
Pennsylvan ia  Department of Commerce, Bureau of 
Appa lachian Development. M ine  Subsidence 
I nformation Center.  June, 1 977,  47 p .  ( NTIS PB  
274  1 08 )  
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Keyword (s) : l and-use plann ing ,  coa l m in ing  
Location (s) : Pen nsylvan ia ,  Appalach ian  Coal 
Reg ion ,  Un ited States 
Pennsylvan ia  Department of Commerce, Bureau of 
Appalach ian  Development. Bitu minous  Min ing  Laws 
of Pen nsylvan ia . 1 953,  305 p .  
Keyword (s) : l aw, coa l m in ing ,  government, 
b ituminous  
Location (s) : Pen nsylva n ia ,  Appalach ian Coal 
Region , Un ited States 
Pen nsylvan i a  Department of M ines .  Anth racite 
M in i ng  Laws of Pen nsylvan i a .  1 954, 240 p .  
(Ava i lab le for consu ltation a t  the US BM Denver 
Research Center . )  
Th is document conta ins  laws enacted in  1 954 
that perta in  to subsidence resu lt ing from anth racite 
m in ing  in northeastern Pen nsylvan i a .  
Keyword (s) : law, anth racite, coa l m in ing ,  
s u rface subsidence damage 
Location (s ) : Pennsylvan ia ,  Appalach ian  Coal  
Region , Un ited States 
Pennsylvan ia Department of M ines and Minera ls .  
Bitu minous M i n i n g  Laws o f  Pen nsylvan ia  for 
Undergroun d  M ines .  1 96 1 ,  23 1 p .  
Keyword (s) : law, coa l m in ing ,  bitu minous,  
government 
Location (s) : Pennsylvan ia ,  Appalach ian  Coa l  
Reg ion,  Un ited States 
Pennsylvan i a  Subsidence Committee.  Report of the 
S u bsidence Com mittee to the General  Assembly of 
the Commonwealth of Pennsylvan i a .  March 1 ,  
1 957 ,  54 p .  
Keyword (s) : govern ment, law, coa l m in ing  
Location (s ) :  Pen nsylvan ia ,  Appa lach ian Coal 
Region , Un ited States 
Peri n ,  R. J . ,  D. G .  Pug l ia .  Ba i ley Mine S lu rry 
l mpoundment Lon gwal l  Su bsidence Mon itorin g .  
I N :  Proceed ings,  7th Internationa l  Conference o n  
G roun d  Control i n  M i n i n g ,  August 3-5,  1 988 ,  S .S .  
Peng ,  ed . ,  West Virg in ia  Un iversity, p .  83A.  
S u bsidence mon itoring  was conducted in  
p roximity to the 1 -A and 2-A longwal l  panels at the 
Bai ley Mine s lu rry impoundment of  Consol 
Pennsylvan ia  Coal  Company. Mon itoring  fu lfi l ls  
federa l M ine  Safety and  Health Admin istration 
mandated requ i rements . Mon itoring was conducted 
before, du ring ,  and  after m in ing  of the panels . The 
emban kment was not de leteriously impacted by 
longwal l  m in i ng .  
Keyword (s ) :  longwa l l ,  mon itorin g  methods, 
geologic featu res, geotechn ica l ,  su rvey methods, 
foundations, instrumentation , vertical d isp lacement, 
horizontal d isplacement, pred iction ,  model i ng ,  
su rface water 
Location (s) : Pennsylvan ia ,  Appalach ian Coa l 
Reg ion,  Un ited States 
Persche, E .  P. Arch itectu ral Mit igating  Measures to 
Control Subsidence Damage.  I N :  Proceedings,  
Conference on Coal  Mine S u bsidence in the Rocky 
Mounta in  Region,  Colorado Springs ,  October 28-30, 
1 985 ,  J . L. Hynes, ed . ,  Colorado Geological  S u rvey 
Special  Publ ication 3 1 ,  Department of Natu ral 
Resources, Denver, 1 986,  p. 2 1 5-22 1 . 
With development of the Rocky Mou nta in  re­
gion , damage to bu i ld ings due to m ine  subsidence 
has increased . Much of the reported damage cou ld 
be avoided by prudent p lan n in g  and zon ing . Where 
zon ing does not keep bu i ld ing away from m ine  sub­
sidence areas, other measures have to be employed 
to avert or mitigate potential  subsidence damage.  
Keyword (s) : su rface structural damage,  
abandoned mines,  geotech n ica l ,  structu ral 
mitigation , arch itecture,  construction , foundations, 
uti l it ies, ·coal m in ing  
Location (s ) :  Rocky Mou nta in  Coa l  Region , 
Un ited States 
Perz , F. Mathematical Relationsh ips and Su bsidence 
Troughs .  Mine and Quarry Eng ineering ,  v .  23,  June  
1 957,  p .  256-260. 
This paper describes a su bsidence prediction 
method that uses mathematica l relationsh ips to 
model the formation of subsidence .troughs above 
mine workings, taking into account the properties 
of overly ing strata . 
Keyword (s) :  vertica l d isplacement, h orizonta l 
displacement, pred iction , mathematica l model,  
modeli ng,  geologic features 
Perz, F. A New Method of Express ing  the Mathe­
matical Relationsh ips Govern ing the Formation of 
Subsidence Troughs Above Mine  Workings .  I N :  
Proceedings, European Congress o n  G round 
Movement, Leeds, Eng land ,  Apri l 9- 1 2 , 1 957,  
London Harrison , p .  2 1 -26 .  
Keyword{s ) :  mathematical model , model i ng  
Perz, W .  Subsidence Observations on Workin gs i n  
Austrian  Tertiary Carbon iferous  Sync l ines .  U . S .  
Bu reau of Mines Translation N o .  1 99 ,  1 956,  6 p .  
Keyword (s) : coa l m in ing  
Location (s) : Austria 
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Perz , W .  O bservations of S u bsidence Over 
Underground  Workings in  the Tertiary Coal Basins .  
IN :  Proceed ings, Eu ropean Congress on G round 
Movement, Leeds, Eng land,  Apri l  9- 1 2 , 1 95 7,  
London Harrison , p .  92-98 . 
Keyword (s ) : surface su bsidence damage, coa l 
m in i ng  
Location (s ) : Austria 
Perz , W. S u bsidence Observations in Austri a .  
Col l iery Eng ineeri ng ,  v .  35 ,  no .  1 2 , 1 958 ,  p .  
533-535 . 
Keyword (s) : coal m in ing  
Location (s) : Austria 
Peterlee Development Corporation . The Master 
P lan--Report .  1 95 2 .  
The development of the new town of Peterlee 
i n  northeast Eng land provides an instance of suc­
cessfu l coord ination of surface bu i ld ing and u nder­
g round  coa l m in i ng .  
Keyword (s) : mu ltip le-seam extraction ,  land-use 
p lan n i ng ,  su rface structura l damage, constru ction , 
Nationa l  Coal Board, coa l m in ing ,  arch itectu re 
Location (s) : Eng land 
Peters, D .  C . ,  R .  A .  S peirer, V .  R .  Shea .  Lin eament 
Ana lysis for Hazard Assessment in  Advance of Coal 
M i n i n g .  I N :  E R I M  Sympos ium,  6th Thematic 
Conference on Remote Sens ing and Geology, 
Houston , TX, 1 988 ,  p. 253 . 
Lineament ana lysis, a common remote sens ing 
tool  for  petroleu m and mineral exploration ,  can be 
u sed for  coa l  m ine  properties to assess potentia l  
g round control h azards by  estimating the  relative 
degrees of risk associated with geolog ic structu res 
that cause the l i neaments .  This assessment can be 
appl ied to u n mined properties to provide a pre­
l im inary ana lysis for m ine  feasib i l ity plann ing or to 
active m ines to eva luate potentia l  hazards in un ­
developed reserves . Studies us i ng  th i s  ana lys is, i n ­
m ine  observation of  l i neament locations and ground 
contro l problems, and anci l lary data have been con­
ducted in  Utah and northern Alabama . 
Keyword{s ) : coal m in ing ,  active m ines, remote 
sens ing ,  geologic features 
Location (s) : Utah ,  Alabama, United States 
Peters, W. R . ,  T. M .  Campbel l ,  V. R .  Stu rd ivant .  
Detection of Coal M ine  Workings Using  H igh­
Resolution Earth Res istivity Tech n iques.  Report on 
Contract H0292030, SW Research I nstitute, U . S .  
Bureau o f  M ines O FR 55-8 1 ,  1 980, 80 p .  (NTIS P B  
8 1 -2 1 53 7 8 )  
Keyword (s) : coa l m in ing ,  mon itorin g  equ ipment, 
abandoned mines, geophysical  
Location (s) : Un ited States 
Peterson , D. E. Problems of Bas in  S u bsidence in the 
Southwest. Min ing Engineering ,  v .  1 7, 1 965,  p .  5 1 . 
Keyword (s) : f lu id extraction 
Location (s) : Un ited States 
Petley, D. J . ,  F .  G .  Bel l .  Settlement and Foun­
dations .  I N :  Fou ndation Eng ineeri ng  in  Difficu lt 
G rou nd,  F . G .  Bel l ,  ed . ,  Butterworth , London,  1 978 ,  
p .  293-32 1 .  
Keyword (s) : foundations,  soi ls 
Pflag ing,  K.  Quantifying the Effects of Conti n uous  
Underground Min ing . IN :  G rou nd Movements and 
Structu res, Proceedings 3 rd I nternationa l  Con­
ference,  University of  Wales I nstitute of  Science 
and Technology, Card iff, 1 984, J . D .  Geddes, ed . ,  
Pentech , London,  1 985,  p .  354-376. 
The influence of conti nu ou s  u nderground m in i ng  
. operations on movements was  first described by 
Lautsch ( 1 969 ) .  He found  that the resu lts of level 
measu rements carried out du ring the period from 
1 950 to 1 966,  covering  successive u nderground 
workings in  one tectonic zone ,  showed increas ing 
deviation from preca lcu lated figu res after every 
measurement interva l . 
Keyword (s) : prediction , coal m in i ng ,  h or izontal 
d isplacement, remote sens ing,  vertica l  d isp lacement 
Location (s) : Germany 
Ph i lbrick, S .  S. I nvestigation and Proposed 
Treatment of Caved Mine Beneath a 20-Story V .  A .  
Hospita l .  Geological Society of  America Bu l letin ,  v .  
5 9 ,  1 948 , p .  1 344 . 
This abstract describes pressu re grout ing of an  
undermined site . 
Keyword (s ) :  surface structura l damage, 
backfi l l i ng  
Location (s) : Pennsylvan ia ,  Appa lach ian Coal 
Region,  Un ited States 
Ph i lbrick, S .  S .  Cycl ic Sediments and Eng ineering  
Geology. IN :  Proceedings, 2 1 st I nternationa l  
Geological Congress, 1 960.  
The concept of cycl ic sedimentation is related 
to common problems encou ntered in  foundation 
i nvestigations in coa l sequences. The author 
discusses remedia l  measu res requ i red over 
undermined areas .  
Keyword (s) : engineering ,  foundations,  structura l 
m itigation , coal min ing,  soi ls 
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Ph i l l i ps, D. W. The Natu re and Physical Properties 
of Some Coal Measure Strata . Transactions, 
I nstitute of M in ing  Eng ineers, v .  80, 1 930-3 1 ,  p .  
2 1 2-242; V .  8 1 ,  1 930-3 1 I P •  30-33; v .  82, 
1 93 1 -32 ,  p .  432-449; V .  83, 1 93 1 -32,  p .  229-237 . 
The resu lts of laboratory strength tests on 
d ifferent types of coal measu re rocks are g iven ,  
i nc lud ing  a description of  the  natu re of  fractures 
which form in the roof . 
Keyword {s) : p i l l ar  strength , ang le of d raw, time 
factor, model i ng ,  coal m in ing ,  overburden , lab 
testing ,  geolog ic  features 
Ph i l l ips,  D. W ., T. J .  Jones . Strata Movements 
Ahead of and Beh ind  Lon gwal l  Faces . Transactions, 
I n stitute of M in ing  Eng ineers ,  v. 1 0 1 ,  1 94 1 , p .  
348-35 1 .  
Th is  paper d iscusses resu lts of observations 
a h ead of and beh ind  a longwal l  face at a depth of 
9 00 yards .  A seam 250 yards above the longwal l  
face was mon itored for su bsidence effects . 
Keyword (s) : subsurface subsidence damage, 
mu ltiple-seam extraction ,  longwal l  
Location (s) : Eng land 
Ph i l l i ps, D .  W . ,  H .  Henshaw .  Underground and 
S u rface Strata Movements . Transactions, I nstitute 
of M in i ng  S u rveyors, January, 1 942, v. 2 1 , Pt . I .  
Keyword (s) : surface su bsidence damage, 
subsurface su bsidence damage 
Ph i l l i ps ,  D. W. Research on Strata Control in  G reat 
Brita in . Transactions,  A I ME ,  v .  1 68 ,  1 946, p .  
27-50.  
Roof and roadway ma intenance perta in ing  to 
ground  control in G reat Brita i n  are described . Stra in  
d istribution near roadways and methods for  mea­
su ri ng  strai n  and loading  are discussed . 
Keyword (s) : ground control ,  roof support, mine 
operation , mon itorin g  methods, subsidence research 
Location (s) : Un ited Kin gdom 
Ph i l l ips, D. W .  American Coal Min i ng .  Col l iery 
G uard ian , v. 1 75 ,  no .  4523,  1 947, p .  37-43 . 
Keyword (s) : m ine  desig n ,  coa l m in ing  
Location (s) : Un ited States 
Ph i l l i ps, R .  A . ,  D. V. Holmqu ist. Backfi l l i ng  of the 
Pikeview Mine Manway. I N :  Proceed ings, Con­
ference on Coal Mine Su bsidence in  th e Rocky 
Mou nta in  Region , Colorado Springs, October 28-30, 
1 985 ,  J . L. Hynes, ed . ,  Colorado Geological Su rvey 
Specia l  Pub l ication 3 1 ,  Department of Natu ra l 
Resources, Denver, 1 986,  p .  255-265 .  
Eva luation of subsidence potential  over the 
Pikeview Coal  Mine s lop ing entryway i n  Colorado 
S prings, Colorado, ind icated a substantial  r isk of 
futu re ground movements . A procedu re was for­
mu lated to block the lower end of the entryway and 
backfi l l  the  upslope portion of  the  open ing with 
cement s lu rry .  
Keyword (s) : abandoned mines, hydrau l ic 
backfi l l i ng ,  h istorica l ,  reclamation ,  coal m in ing  
Location (s) : Colorado, Rocky Mou nta in  Coal 
Reg ion,  Un ited States 
Ph i l l i ps, R. A . ,  D. V. Holmqu ist, J. S .  L. Morgan . 
Rock S prings, Wyoming S u bsidence Abatement 
Project--Downtown Area . I N :  Proceedings,  Sym­
pos ium on Evolution of Abandoned Mine Land 
Technolog ies, R iverton,  WY, June  1 4- 1 6, 1 98 9 ,  p .  
356-366 .  
Eva luation of  su bsidence potential  over a 
portion of a mine that u nderl ies the southern ha lf of 
downtown Rock S prings, Wyoming,  i nd icated a 
h igh  risk of futu re ground movements . A procedu re 
was formu lated to isolate the portion of the mine 
underly ing the project site with grouted gravel or 
zero s lump grout barriers . The area wou ld  then be 
stabi l i zed with grout backfi l l  or by pressu re injection 
of low strength grout into the m ined zone where 
sand s lu rry had previous ly been placed . Th is paper 
deta i ls some of the f indings of the su bsidence 
eva luation and describes the methods used to 
stabi l ize the underlying  mined zone .  
Keyword (s) : coal m in i ng ,  abandoned mines,  
grouting ,  ra i l roads 
Location (s) : Wyoming ,  Rocky Mountain Coal 
Reg ion,  Un ited States 
Pielok, J .  Bestimmung Der Senkungen I n  
Dynamischen Zwischenstufen Des Sendungstroges 
(Determin ing  the Subsidence in the Dynamic 
Intermediate Stages of the Subsidence Troug h ) .  
Academy of Min ing  & Meta l lu rgy, Cracaw, Poland ,  
Neue  Bergbautech n ik, v .  3 ,  no .  9 ,  1 973,  p .  
642-644 .  
Keyword (s) : pred iction 
Pierce, R. L .  Reducing Land Subsidence in  the 
Wi lm ington Oi l  F ield By Use of Sa l ine  Waters . I N :  
Proceed ings,  Sa l ine Water Sympos ium,  Water 
Resou rces Research , v. 6 ,  1 970, p. 1 505- 1 5 1 4. 
Keyword{s) : o i l  extraction 
Pierson , F .  L .  Appl ication of Su bsidence 
Observations to Development of Mod ified Longwal l  
Min ing System for Potash . S M E-AI M E  Annua l  
30 5 
Meeting ,  New York, February 1 4- 1 8 , 1 965,  S M E­
A I M E  Prepr int 65-AM-22,  1 9  p .  
Two-stage extraction room-and-pi l lar  m in ing  
of  potash was fou nd to  increase pressure on the 
extraction face; the solution was to reduce the 
extraction rate, resu lti ng  in  yield ing p i l lars ,  rather 
than cavi n g .  I ncreased extraction resu lted since no 
p i l lars were completely abandoned as a resu lt of 
u n stable roof conditions .  
Keyword (s ) :  longwal l ,  non-metal m in ing ,  room­
and-p i l la r, p i l l ar  extraction , p i l la r  strength, yie ld ing  
s u pports 
Location (s) : Un ited States 
P iggford , J .  Notes on S u bsidence Caused by Coal 
Workings at Teversal  and Pleasby Col l ieries . 
Transactions,  I nstitute of M in ing  Eng ineers, London,  
1 90 9 .  
Keyword (s) : su rface su bsidence damage, coal 
m in ing  
Location (s) : Eng land 
Piggott, R .  J . ,  P .  Eynon . G round Movements Aris ing 
from the Presence of Sha l low Abandoned Mine 
Workings . I N :  Large Ground Movements and Struc­
tu res, Proceedings I nternationa l  Conference, Un iver­
s ity of Wales I nstitute of Science and Tech nology, 
Cardiff, 1 977 ,  J . D . Geddes, ed . ,  Joh n Wiley & 
Sons,  New York, 1 978 ,  p .  749-780.  
Underground  minera l  extraction has taken place 
for many centu ries . M in ing  methods did not develop 
at the same rate for a l l  m inerals,  either in the same 
or i n  d ifferent cou ntries . Because of the scope of 
th is subject, in th is  brief review of the h i storical 
background,  on ly the development of coal m in ing  
practice at  sha llow depth in  the  Un ited Kingdom is  
d iscussed . 
Keyword {s) :  coal m in ing ,  abandoned mines, 
h istorica l ,  surface subsidence damage 
Location (s) : Un ited Kingdom 
P i l lar, C. L. ,  A. D. Dru mmond . Importance of 
G eological  Data in Plann ing  Underground Ore 
Extraction . S M E-A I M E  Fal l  Meeting and Exh ibit, 
Pittsburg h ,  PA, September 1 9-2 1 ,  1 973,  Preprint 
No. 73- 1 -3 1 2 . 
Keyword (s) : roof stabi l ity, ground control ,  m ine 
design ,  geolog ic featu res 
Location (s ) :  Un ited States 
P ineda,  L . ,  J .  Lucas .  For Better or for Worse : Publ ic 
I nvolvement in  Subsidence Abatement Decisions at 
the Virg in ia  M ine, Colorado . I N :  Proceedi ngs Nation­
a l  Sympos ium and Workshops on Abandoned Mine 
Land Reclamation , Bismarck, ND,  May 2 1 -22,  
1 984, L. L.  Sch loesser, et  a l . ,  eds . ,  North Dakota 
Publ ic Service Commission and the Un ivers ity of 
North Dakota, p. 66 1 -675 .  
I n  1 98 1  Colorado fou nd itself overwhelmed by 
concerned citizens with a major subsidence problem 
in a suburban neigh borhood area . Un l ike previous 
subsidence events in Colorado, th is was the fi rst 
occurrence of damage that resu lted in local govern ­
ment action to rezone an entire ne igh borhood us ing 
geological hazard zon ing authority . The residents 
soon discovered that their homes were not salable, 
even at deeply d iscou nted prices . They could not 
obta in  bu i ld ing permits without perform ing  deta i led 
geotechn ical eva luations, and they cou ld  not obta in  
loans for repa i rs or new construction . The affected 
homeowners fi led a major law su it against the 
cou nty and the developer. 
Keyword (s } :  abandoned mines,  surface 
structural damage, government, coal m in i ng ,  
reclamation 
Location (s} : Colorado, Rocky Mounta in  Coal 
Region,  Un ited States 
Piper, T. B. Su rveys for Detection and Measu rement 
of Subsidence. Solution Min ing Research I n stitute, 
Project Report 8 1 -0003-S M R I ,  January, 1 98 1 ,  
Woodstock, I L, 53 p .  
This report was prepared for compan ies en­
gaged in  solution min ing  and is  intended to serve 
as an outl ine  of the technology of detecting ,  mea­
sur ing,  and reporti ng subsidence . I t  is intended for 
use by the industry or others faced with s imi lar  
problems . 
Keyword (s} : su rvey design ,  mon itori ng  design ,  
non-metal m in i ng ,  su rvey methods, su rvey data 
process ing,  survey equ ipment, mon itor ing 
equ ipment 
Location (s} :  Un ited States 
Pittsburgh Coal Company. Subsidence . . .  l ts Cause,  
Effect, and Prevention . Pittsburgh  Coal Company 
Library, Pittsburgh ,  PA, 1 957 ,  6 p.  (Avai lable for 
consu ltation at the US8M Denver Research Center . }  
Keyword (s) : coal m in ing ,  active m ines 
Location (s} : Pennsylvan ia ,  Appalach ian Coal 
Region,  Un ited States 
Pl att, J .  Un derclays of South Wales Coalf ields and 
The i r  I nfl uence on Floor Penetration . Ph . D .  Thesis, 
Un ivers ity of Wa les, Card iff, 1 95 6 .  
Keyword (s) : f loor sta bi l ity, coa l  m in i ng  
Location (s) : Wales 
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Plewman,  R. P . ,  F. H. Deist, W. D .  Ortlepp.  The 
Development and Appl ication of a Dig ital Computer 
Method for the Solution of Strata Control Problems . 
South African I nstitute of M in ing  and Meta l l u rgy 
Journa l ,  v. 70, no .  2, September, 1 969,  p .  33-44 .  
The design of  a completely d ig ital mathematical 
model to be used in  p lace of previously used ana log 
models is  described in deta i l .  The appl ication of the 
model to an actua l  problem is i ncluded . 
Keyword (s) : computer, grou nd control,  model­
i ng ,  phenomenological  model,  e lastic model,  mathe­
matica l model 
Location (s) :  South Africa 
Poland,  J. F . ,  G. H. Davis . Subsidence of the Land 
S u rface in  the Tula re-Wasco ( Delano}  and Los 
Banos-Kettleman City Area, San Joaqu in  Val ley, 
Cal iforn ia . American Geophysical  Un ion 
Transactions, v .  37, 1 95 6, p. 2 87-296 .  
Keyword (s) : flu id extraction 
Location (s) : Ca l iforn ia ,  Un ited States 
Poland,  J .  F. Land Subsidence Due to G round Water 
Development.  Journa l  of I rrigation and Dra inage 
Divis ion ,  ASCE,  v .  84, no .  I R3 ,  Paper 1 774, 
September, 1 958 ,  p.  1 1 . 
This paper describes su bsidence in six areas of 
Ca l iforn ia caused by development of groundwater 
resou rces; mitigation or e l im ination procedures are 
suggested for the problem . 
Keyword (s) : subsurface water, flu id  extraction 
Location (s) : Ca l iforn ia ,  Un ited States 
Poland,  J .  F. The Coefficient of Storage in a Region 
of Major Subsidence Caused by Compaction of an 
Aqu ifer System.  U . S .  Department Interior Geologi­
ca l  Su rvey Profess iona l  Paper 424-8, Geological  
S u rvey Research 1 96 1 , p.  852-854. 
Keyword (s) : flu id extraction ,  hydro logy 
Location (s) : Un ited States 
Poland,  J. F . ,  J .  H .  G reen . S u bsidence in the Santa 
Clara Va l ley, Cal iforn ia--A Progress Report .  U .S . 
Department I nterior, Geological Su rvey, Water­
Su pply Paper 1 6 1 9-C, 1 962,  1 6  p .  
Keyword (s } :  fl u id  extraction 
Location (s) : Ca l iforn ia,  Un ited States 
Poland ,  J .  F . ,  R. L. I re land .  Shorten ing and Pro­
trusion of a Well Cas ing Due to Compaction of 
Sediments in a S u bs id ing Area in Ca l iforn ia . Geo­
logical  Su rvey Research 1 9 65,  U . S .  Department of 
the I nter ior, G eological  Survey Professiona l  Paper 
525-8, p. 8 1 80-8 1 83 .  
Keyword (s} : fl u id extraction 
Location (s} : Ca l iforn ia ,  Un ited States 
Poland,  J. F . ,  W. I .  Gardner, M . . N .  Mayuga,  T .  
Leps, P .  Sa int Aman d .  Symposium--Wh at Studies of 
Land Subsidence Problems Shou ld  be I n itiated or 
Further I mplemented? I N :  Proceed ings,  Landsl ides 
and Subsidence--2nd Geologic Conference ,  Los 
Angeles, Cal iforn ia Resou rces Agency, Sacramento, 
1 966, p. 1 56- 1 69 .  
Keyword (s} :  fl u id extraction ,  subsidence 
research 
Location (s } :  Cal iforn ia ,  Un ited States 
Poland,  J. F . ,  R .  E. Evenson . Hydrogeology and 
Land Subsidence, G reat Centra l Val ley, Cal iforn i a .  
Geology of  Northern Cal iforn ia ,  Ca l iforn ia Division 
Mines and Geology Bu l letin 1 90, 1 966,  p. 239-24 7 .  
Keyword (s) :  flu id extraction 
Location (s} : Cal iforn ia ,  Un ited States 
Poland,  J. F. Role of Pore Pressu re in  S u bsidence 
Caused by G round Water Withdrawa l .  G eological  
Society of America Paper 1 1 5 , 1 968 ,  p.  1 79 .  
Keyword (s) :  flu id extraction , hydrology 
Location (s) : Un ited States 
Poland,  J .  F. Land Subsidence and  Compaction,  
1 960- 1 964, in the Santa Clara Va l ley, Ca l iforn ia . 
Geological Society of America , Specia l  Paper 1 0 1 ,  
(abstract) ,  1 968,  p .  1 67 .  
Keyword (s) : fl u id extraction 
Location (s) :  Cal iforn ia ,  Un ited States 
Poland,  J .  F. Status of Present Knowledge and 
Needs for  Add itional  Research on Compaction of 
Aqu ifer Systems . I N :  Land Subsidence, Proceed ings 
Intern ationa l  Symposium,  September 1 4- 1 8 ,  1 969 ,  
Tokyo, IAHS Publ ication 88 ,  v .  1 ,  1 969,  p .  1 1 -2 1 .  
Keyword (s} : flu id extraction , hydrology 
Poland,  J. F . ,  G .  H .  Davis .  Land Subsidence Due to 
Withdrawal of F l u ids . I N :  Reviews in Eng ineerin g  
Geology, v .  2 ,  1 969,  D . J .  Varnes a n d  G .  Kiersch ,  
eds . ,  Geolog ica l Society of America, p .  1 87-269 . 
Keyword (s ) :  flu id  extraction 
Location (s) :  Un ited States 
Poland,  J .  F. Subsidence and  its Control . I N :  
Underground Waste Management a n d  Environ­
mental Impl ications,  T .D .  Cook, ed . ,  Memoir  No.  
1 8 , 1 972,  American Association Petroleum G eol­
ogists, Houston,  p .  50-7 1 .  
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Keyword (s } :  fl u id  extraction ,  g round control 
Location (s) :  Un ited States 
Poland ,  J .  F . ,  B. E. Lofgren ,  F. S .  R i ley. G lossary 
of Selected Terms Usefu l  i n  the Studies of the 
Mechan ics of Aqu ifer Systems and Land  
S u bsidence Due to  F lu id Withdrawal .  U .S .  
Department Interior, G eological  Su rvey, Water­
S u pply Paper 2025,  1 972,  9 p .  
Keyword (s) : fl u id extraction 
Location (s ) :  Un ited States 
Poland ,  J .  F . ,  8. E .  Lofgren ,  R. L .  I re land, R. G .  
Pug h . Land S u bsidence i n  the San Joaquin Val ley, 
Ca l iforn ia ,  as  of 1 97 2 .  Professiona l  Paper 437-H,  
USG S ,  1 975 . 
Keyword(s } :  su rface su bsidence damage, flu id 
extraction 
Location (s ) : Ca l iforn ia ,  Un ited States 
Poland ,  J .  F. Land S u bsidence Stopped by Artesian­
Head Recovery, Santa C lara Va l ley, Cal iforn ia . I N :  
Proceed ings,  2nd Internationa l  Symposium o n  Land 
S u bsidence, Anaheim ,  CA,  IAHS-AI HS Publ ication . 
No .  1 2 1 ,  D�cember, 1 97 6, p .  1 24- 1 32 .  
Keyword (s) : fl u id extraction 
Location (s) : Ca l iforn ia ,  Un ited States 
Poland ,  J .  F ., ed . G u idebook to Studies of Land 
S u bsidence Due  to Groundwater Withdrawa l .  
Stud ies and Reports in  Hydrology, IAHS-UN ESCO, 
40, 1 984, 3 23 p.  
Keyword (s ) :  flu id extraction , hydrology 
Poole,  G . ,  J. T. Whetton . Stowage of the G oaf . 
Transactions,  I nstitute of M in ing  Eng ineers, v .  82 ,  
1 93 1 ,  p .  5 1 4  (abstract) . 
Keyword (s ) :  stowing ,  mine waste 
Location (s } :  Eng land 
Popovich , J .  M. ,  R .  F .  J .  Adam,  A .  J .  M iscoe, G .  R .  
Desko . Return ing  Coa l  Waste Undergrou n d .  I N :  
Proceed ings,  I nternationa l  Congress o n  Technology 
& Techno logy Exchange :  Technology & the World 
Around  Us, Pittsburgh ,  PA, October 8- 1 0, 1 984 .  
I nternationa l  Techno logy I nstitute , Pittsburgh ,  p .  
1 40- 1 4 1 . 
The authors describe a backfi l l i ng  system 
developed to hydrau l ica l ly transport and dispose of 
preparation p lant refuse into an underground mine 
section at a coa l  m ine  complex in  southwestern 
Virg i n i a .  Th is design is adaptable to other m ines 
with m inor s ite-specific variations .  Underground 
d isposal  wi l l  e l im inate surface d isposal sites with 
the ir  safety and hea lth r isks , and  wi l l  reduce su rface 
subsidence, increase p i l lar  stab i l ity, and improve 
water qua l ity . However, g roundwater may sti l l  be 
affected, and this is  a major  concern . Because the 
dra inage water is  col lected and recycled,  no detri­
mental effect on groundwater is anticipated . 
Keyword (s) : hydra u l ic backfi l l i ng ,  m ine  waste, 
p i l lar  strength , economics, coal m in ing  
Location (s} : Virg in ia ,  Appalach ian  Coa l  Region ,  
Un ited States 
Popp,  J. T.  Su rface Subsidence Due to Coal  M in i ng  
in  the  G reater Egypt Region of  Southern I l l i no is .  
Geological Society of  America,  North Centra l 
Section , Abstracts with Programs, v .  9 ,  1 977 ,  p .  
642-643 . 
Keyword (s) : surface subsidence damage,  coal 
min ing 
Location (s} : I l l i nois, I l l ino is Coa l  Basin , Un ited 
States 
Potash Company of America, Divis ion of Rio Algom 
Ltd . The Study and Pred ictive Model l i ng  of S u b­
sidence I nduced by Potash  M in i ng .  Canada/New 
Bru nswick Mineral Development Agreement, 
contract number 23440-8-9083/0 1 -SQ, J u ly 1 3 , 
1 990, 1 25 p .  (NTIS M I C-9 1 -00377 )  
The  Potash Company of  America m ines 
potash and rock salt from an  evaporite structu re 
to the east of Sussex in southern New Brunswick .  
M in ing  of  the  potash is by  a contin uous cut-and-fi l l  
method , whi le the rock sa lt is m ined us ing a room­
and-pi l l a r  method . The min ing  operation takes p lace 
under the Trans Canada H ighway as wel l  as the 
low- lying Ken nebecasis R iver va l ley .  A prel im inary 
f in ite element ana lysis was carried out and  a h i gh  
qua l ity geodetic mon itori ng  network was estab­
l ished to precisely determine  g round  su rface 
movements caused by the min ing  activity . Su rveys 
of various types were carried out over 2 years . Th is  
work wi l l  form the basis for a case h istory of  sur­
face su bsidence induced by m in ing  a complex 
evaporite body and wi l l  act as the fi rst stage in the 
development of a predictive subsidence model . 
Keyword (s) : non-meta l m in ing ,  fi n ite e lement, 
mon itor ing methods, survey meth ods, 
instrumentation , model ing,  prediction ,  roads, 
surface water 
Location (s) : Canada 
Poth in i ,  B .  R .  F in ite E lement Elastic Model Ana lyses 
of Mine Subsidence . M . S .  Thesis, Pennsylvan ia  
State University, Un iversity Park, 1 969 ,  1 1 9 p .  
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Keyword (s) : f in ite e lement, mode l ing ,  e lastic 
model 
Pottgens,  J.  J .  E .  G round Movements by Coal 
M in i ng  i n  the Netherlands . I N :  Eva luation and  
Pred iction of  Su bsidence, Proceedings I n ternationa l  
Conference, Pensacola Beach , F L, January 1 5-20, 
1 978 ,  S . K .  Saxena,  ed . ,  ASCE, New York, 1 979 ,  
p .  2 67-2 8 2 .  
This paper d iscusses the Dutch coa l-m in ing  
a rea,  g round  movement components, and  prediction 
of subsidence by the integration net method (an  
empi rica l  method ) .  
Keyword (s) : surface su bsidence damage, 
su rface structu ra l damage, ang le of draw, coal 
m in i ng ,  prediction ,  empir ical  model,  time factor 
Location (s) : Netherlands 
Pottgens,  J .  J .  E .  G round Movements Caused by 
M in i ng  Activities i n  the Netherlands .  I N :  Land 
Su bsidence, Proceedings 3rd I nternationa l  
Symposiu m ,  Ven ice,  Italy, March 1 9-25, 1 984, A . I .  
Joh nson , L .  Carbogn i n ,  L .  Ubertin i ,  eds . ,  I nter­
n ationa l  Association of Hydrologica l Sciences 
Pu bl ication No .  1 5 1 ,  1 98 6, p. 65 1 -65 9 .  
T h e  m in ing  activities i n  the Netherlands consist 
of coal m in ing  from the beg inn ing  of th is centu ry to 
the m id- 1 970s . Presently, o i l  and gas on- and off­
shore production takes place, particu larly from one 
m ajor gas reservoi r .  S u bsidence resu lts from the 
i nteraction between the compacting reservoi r  and 
its visco-elastic surround ings .  Th is displacement 
interaction can be calcu lated for a d isc-shaped 
reservoi r  us ing the theory of pore-elasticity. An 
out l ine is  g iven of the su bsidence due to coal 
m in i ng  in  the past . 
Keyword (s) : coal m in ing ,  oi l  extraction ,  
s u bsurface water, h i storica l ,  abandoned m ines, 
p red iction,  model ing 
Location (s ) :  Netherlands 
Potts, E . L. J .  Undergrou nd and Surface Strata 
Movements in M in ing  Areas . Col l iery Guard ian ,  v .  
1 79 ,  October 1 949, p .  425-430.  
Keyword(s) : subsurface su bsidence damage, 
su rface su bsidence damage 
Potts, E . L.J . G round Subsidence From Min i ng .  
Eng ineeri ng ,  London,  v .  1 68 ,  1 949 , p .  32 1 -324.  
Keyword (s ) : su rface su bsidence damage 
Potts, E . L.J . The I nf luence of Time-Dependent 
Effects on the Design of Mine P i l lars .  I N :  
Proceedings, I nternationa l  Bureau of Rock 
Mechan ics 6th I nternationa l  Meeting ,  1 964.  
Keyword (s) :  t ime factor, m ine  design ,  p i l lar  
strength , rock mechan ics 
Potts, E . L. J .  Current I nvestigations in Rock 
Mechan ics and Strata Contro l .  I N :  Proceed ings 4th 
I nternational  Conference on Strata Control and  Rock 
Mechan ics, May 4-8 ,  1 964, Hen ry Kru m b  School of 
Mines,  Colu mbia Un iversity, New York, 1 965,  p .  
29-45 . 
The author describes trends in ground control 
and rock mechan ics, especia l ly with the use of 
rapidly advancing faces in longwal l  m in in g .  The 
growth of rock mechan ics research is of primary 
importance to the m in ing  eng ineer .  
Keyword (s) : g round contro l ,  rock mechan ics, 
mine design ,  mine operation ,  longwal l  
Location (s) : England 
Potts, E . L.J . ,  W .  H.  Potts, A. Szeki . Development 
of  Ground Control Tech n iques and  Min ing  Design 
Parameters in Rock-Salt M in i ng .  I N :  Proceedings,  
5th I nternational  Strata Control Conference, 
London, 1 972 ,  Paper No. 26,  8 p .  
Keyword (s) :  ground  contro l ,  non-meta l m in i ng ,  
m ine  design 
Potts, E . L .J . M in ing  Subsidence and the 
Environ ment. I N :  Proceedings,  I nternationa l  
Symposiu m  on Min ing  and  the Environ ment, 
London,  June 4-7 ,  1 974, I nstitute of M in ing  and  
Meta l l u rgy, London , 1 975 ,  p .  66 1 -683 . 
Keyword (s) : environ ment 
Powel l ,  L . ,  R .  Yarbrough ,  L. Harp . P lann ing  for 
Subsidence at Rend Lake, I l l i no is .  I N :  Proceed ings 
Third Workshop on Surface Subsidence Due to 
Underground Min ing ,  June  1 -4, 1 992 ,  S . S .  Peng ,  
ed . ,  Morgantown, WV, p .  1 58- 1 66 .  
H igh extraction m in ing  is approach ing  low-lying  
envi ronmenta l ly sensitive and h igh  pu bl ic use areas 
on the east edge of Rend Lake . Advanced plann i ng  
i s  requ i red to  maximize coal extraction and m in im ize  
the potentia l  for adverse effects from su bsidence 
on cu rrent and future land use .  Premin ing  assess­
ment of the potentia l  effects of su bsidence on wi ld­
l ife habitats, dra in age, and structu res is he lp ing to 
develop min ing p lans that meet m in ing  and  environ­
menta l regu lations and ensuring the contin ued 
surface land use of the areas with m in imum amount 
of disru ption . 
Keyword (s) :  land-use p lann ing ,  active m ines, 
coal m in i ng ,  environ ment, surface water, m ine  
design ,  govern ment, l aw,  longwal l ,  su bsidence 
research , wi ld l ife 
Location (s ) : I l l ino is,  I l l inois Coal Bas in ,  Un ited 
States 
. Powel l ,  L R. Lon gwal l  Subsidence Case History 
N u m ber 1 .  Northern Appa lach ian Coal Region . U .S . 
Bureau of M ines O FR 1 24( 1 )-8 1 ,  v .  1 ,  1 98 1 ,  1 2  p .  
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Location (s ) : Appalach ian  Coa l  Reg ion,  Un ited 
States 
Powel l ,  L. R. Lon gwal l  Subsidence Case History 
N um ber 2 .  Northern Appa lach ian Coal Region . U .S . 
Bu reau of M ines O FR 1 24(2)-8 1 ,  v .  2 ,  1 98 1 ,  1 0  p .  
Keyword (s) : longwal l ,  coal min ing 
Location (s) :  Appalach ian Coa l  Reg ion,  Un ited 
States 
Powel l ,  L .  R. Lon gwal l  Su bsidence Case History 
N u m bers 3 and  4. Northern Appalach ian Coal 
Region . U . S .  Bureau of M ines O FR 1 45-8 1 ,  1 98 1 ,  
1 7  p .  
Keyword (s) :  longwal l ,  coal m in ing 
Location (s) : Appalach ian  Coal  Region , Un ited 
States 
Powel l ,  L. R. Longwa l l  Su bsidence Case History 
N u m ber 1 .  Northern Appa lach ian Coal Region . 
Techn ica l  Progress Report, U . S .  Bureau of Mines, 
1 98 5 .  
Keyword (s ) :  longwal l ,  coal m in ing 
Location (s) : Appalach ian Coa l  Reg ion,  Un ited 
States 
Powel l ,  L .  R. Lon gwa l l  Subsidence Case History 
N u m ber 2 ,  Northern Appalach ian Coal Region . 
Techn ica l  Progress Report, U . S .  Bu reau of M ines, 
1 98 5 .  
Keyword (s) :  longwa l l ,  coal min ing 
Location (s) :  Appalach ian  Coa l  Reg ion , United 
States 
Powel l ,  L. R . ,  P. B. Du Montel le .  The I l l i nois-Bu reau 
of M ines Cooperative Mine Su bsidence Research 
Progra m .  I N :  Proceedings,  2nd Conference on 
G round  Control Problems in the I l l inois Coal Basin,  
May 2 9-3 1 ,  1 985 ,  Y. P .  Chugh ,  ed . ,  Southern 
I l l i nois Un iversity, Carbondale, v. 2 ,  p. 1 3- 1 7 . 
The US BM and  the State of I l l i no is have 
period ica l ly cooperated on mine su bsidence 
research s ince 1 9 1 1 .  I n  1 985 Congress provided 
research funds to the Bureau for a study of I l l i noi s  
subsidence problems with match i ng  funds  to  be  
provided from non..:federa l state sou rces . The 
Bureau and the State of I l l ino is  are cooperatin g  to 
develop gu idel ines for u n derground m i n i n g  methods 
to maximize coal recovery, m in imize the surface 
effects of subsidence, and maximize m ine  stabi l ity . 
This paper h igh l ights past and present subs idence 
research projects with i n  I l l i nois . 
Keyword (s) :  subsidence research , coal m i n i n g  
Location (s) : I l l inois,  I l l i nois Coal Bas in ,  Un ited 
States 
Powel l ,  L. R . ,  T.  L. Trip lett, R. E. Yarbrough . 
Measurement and Analysis of Fou ndation Ti lt 
Resu lting  From Mine S u bsidence in Southern 
I l l i noi s .  I N :  Proceedings,  2nd Workshop on S u rface 
Subsidence due to Underground M in i ng ,  
Morgantown , WV, June  9- 1 1 ,  1 986,  S .S .  Peng ,  
ed . ,  West Vi rg in ia  Un iversity, p .  1 42- 1 5 2 .  
The USBM,  i n  cooperation with the I l l i nois  M ine  
Subsidence I nsurance Fund ,  is  mon itor in g  the 
response of two fou ndations to g round movements 
i nduced by su bsidence from h igh-extraction m in i ng  
i n  south ern I l l i no is .  The  objectives of  the  mon itorin g  
program are to study the i nteraction between the 
g rou nd su rface and a fou n dation du ri ng  a sub­
sidence event and to determine the capabi l ity of the 
ti ltmeter to detect and mon itor subsidence 
movements . 
Keyword (s) :  i nsu rance, fou ndations,  mon itor ing 
meth ods, mon itorin g  equ ipment, vertical 
d isplacement, su rvey methods, coal m in i ng ,  active 
mines,  instru mentation ,  h igh -extraction retreat 
Location (s) : I l l i no is,  I l l i noi s  Coal Bas in , Un ited 
States 
Powel l ,  L .  R . ,  R. Yarbrough . Ana lys is of Level 
Su rvey Data Over M ine  S u bsidence Events i n  
I l l i no is ,  USA--Abandoned and  Active M ines . I N :  
Proceedings,  I nternationa l  Symposiu m on 
Deformation Measurement Ana lysis and Prediction ,  
June  6-9 , 1 9 88,  Un iversity of  New Brunswick, 
Fredericton ,  p. 430-439 .  
The major tech n ique for mon itori ng  g round  
movements caused by  active and abandoned m ines 
i n  I l l i nois is by level survey . Th is tech n ique  is used 
to mon itor the growth and du ration of m i n e  subsi­
dence events to determi n e  when structura l  repa i rs 
can safely beg i n .  Because surveyin g  is costly over 
long periods of time, severa l a lternative, less costly 
mon itoring  techn iques are under i nvestigation by 
th e USBM in conjunction with the I l l i no is  M ine  
Subsiden ce I nsurance Fund ( IMS IF ) .  New su rvey 
3 1 0  
g u ide l ines adopted by the I MS I F  and  procedu res for 
mon itori ng subsidence events in  u rban a reas of 
I l l i no is  a re presented . Three case h i stories, inc lud ing 
both abandoned and active mines, a re d iscussed to 
i l l ustrate the suggested survey gu idel ines and 
mon itori ng  methods . 
Keyword(s) : i nsurance, mon itor ing equ ipment 
su rvey data process ing ,  abandoned m ines,  active 
m ines,  coal m in i ng ,  computer, model i ng ,  pred iction , 
i n stru mentation , mon itorin g  methods, surface 
structu ra l damage,  fou ndations, h igh -extraction 
retreat, room-and-p i l lar, hori zonta l displacement, 
vert ical  d isplacement 
Location (s) : I l l i nois,  I l l i nois Coal Bas in , Un ited 
States 
Powel l ,  L. R . ,  T. L .  Triplett, R. E. Yarbrough . Foun­
dat ion Response to H igh-Extraction Min ing i n  
Southern I l l i nois . U .S .  Bu reau of  M ines R I  9 1 87 ,  
1 98 8 ,  54 p .  
The US BM,  i n  cooperation with the I l l i no is  Mine 
S ubsidence I nsu rance Fund,  instru mented and  
mon itored the response of  two fou n dations to 
g rou nd movements induced by subsidence from 
h igh -extraction retreat m in ing  in southern I l l i no is .  
The objective was to study the interaction between 
the g rou nd surface and a fou ndation duri ng  a 
subsidence event to enhance the u nderstand i ng  of 
the mechan isms that produce su bsidence effects i n  
structu res . Th is  �tudy measu red the  response of 
two d ifferently constructed foundations to sub­
s idence ,  eva l uated the capabi l ity of the i nstrumen­
tation and  mon itori ng  program to detect and  track 
fou ndation and  ground movements, and p rovided 
data for develop ing  m itigative tech n iques to reduce 
fou ndation damage and formu late economic repai r  
strateg ies . The  instrumentation and mon itor ing p lan 
successfu l ly measu red the response of the 
fou ndations to the g round movements . 
Keyword (s) : foundat ions, h igh -extract ion 
retreat, instrumentation , mon itor ing methods, 
mon itori ng  design ,  structural m itigation , 
construction,  mon itoring  equ ipment, vertica l  
d isp lacement, horizontal d isplacement, insu rance, 
part ia l  extraction ,  surface structural  damage 
Location (s) : I l l ino is, I l l inois Coa l  Basin ,  Un ited 
States 
Powel l ,  L .  R . ,  R .  E. Yarbrough . Mon itori ng  
S u bsidence- I nduced Structu ra l Movements Over 
Abandoned Coal Mines in  I l l i no is .  I N :  Proceedi ngs,  
Sympos ium on Evolution of Abandoned Mine  Land 
Tec h nologies, Riverton , WY, June 1 4- 1 6 , 1 989 ,  p .  
5 6-78 . 
The US BM and the I l l i no is Mine S u bsidence 
I nsu rance Fund ( I MS I F )  have cooperated s ince 
the early 1 980s in instrumenting ,  mon itorin g ,  and  
ana lyz ing su bsidence- induced grou nd movements 
in I l l i nois . The major objective has  been to u nder­
stand,  describe, and ana lyze the response of sur­
face structu res to ground movements . The coal  
min ing industry and 1.M S I F  are both responsib le for 
repa ir ing structures that h ave been affected by 
mine su bsidence in I l l i no is .  I ndustry is responsib le 
for active mines and mines over which they do not 
own a subsidence waiver. 
Keyword(s) : active mines, abandoned mines, 
coal m in ing ,  surface structura l damage, mon itori ng  
methods, mon itor ing equ ipment, mon itori ng  design ,  
instru mentation , foundations, i nsura nce, su rvey 
methods, survey data process ing,  h igh-extraction 
retreat, vertica l  d isp lacement, horizontal 
d isplacement, structura l m itigation 
Location (s) :  I l l i nois,  I l l i nois Coal  Bas in ,  Un ited 
States 
Powel l ,  W. J . ,  P. E. LaMoreaux .  A Problem of 
Subsidence in a Limestone Terra in  at Colu mbiana ,  
Alabama .  U .S .  Geological  Su rvey, Water Resou rces 
Division ,  and G eological S u rvey of Alabama,  
Circu lar  56,  1 96 9 .  
S u bsidence problems in  a karst a rea a re 
aggravated by grou ndwater withdrawa l from deep 
wel ls . 
Keyword(s) : flu id extraction ,  subsurface water, 
geologic features, l and-use p lann ing ,  hydrology 
Location (s) :  Alabama, Un ited States 
Pratt, W. E . ,  D. W. Johnson . Local  S u bsidence of 
the Goose Creek O i l  Field (Texas . )  Journa l  of 
Geology, v. 34, 1 926,  p. 5 77-590.  
Keyword (s) :  o i l  extraction 
Location (s) : Texas, Un ited States 
Preece, D. S . ,  W. R. Wawers ik .  Leached Sa lt 
Cavern Design Using  a Fractu re Criterion for Rock 
Salt .  I N :  Proceed ings,  25th U . S .  Sympos ium on 
Rock Mechan ics, Northwestern Un iversity, Ju ne,  
1 984 .  
Keyword (s ) : rock mechan ics, non-meta l m in i ng ,  
mine design 
Location (s) :  Un ited States 
Price, D. G . , A. B. Ma lkin ,  J .  L .  Kn i l l .  Fou ndations 
of Mu lti-Story Blocks On the Coal Measu res with 
Specia l  Reference to Old M ine  Workings .  Quarterly 
Jou rna l  Engineering Geo logy, v. 1 ,  no .  4, 1 969 ,  p .  
27 1 -32 2 .  
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Foundation investigations for undermined 
apartment s ites a re discussed . Th is a rticle considers 
various corrective measu res th at have arrested 
su bsidence . 
Keyword (s ) : a bandoned mines, foundations, 
eng ineering ,  construction , su rface structu ral 
damage,  backfi l l i ng ,  overburden , coal m in ing  
Price, N .  J .  The Compressive Strength of  Coal 
Measure Rocks . Col l iery Eng ineering ,  v .  37, 1 960, 
p. 283-292 .  
Keyword (s) :  rock mechan ics ,  lab testing,  coal 
m in i ng ,  overburden 
Prickett, T. A. G eohydrologic Data Review and  
Pump ing  Test Possibi l ities--70th Street and 
Canterbu ry Mine  Areas, Bel levi l le ,  I l l ino is .  Report to 
I l l i nois State Geologica l  Su rvey, Apri l 2, 1 979 ,  by 
Camp, Dresser & McKee, Champaign,  I L. 
Th is is .a l etter-type report on the fi nd ings a nd 
possib i l it ies of pump testin g  the mines in q uestion 
to determ ine  void vol umes for backfi l l i ng  pu rposes . 
Keyword (s ) :  hydrau l ic  backfi l l i ng ,  abandoned 
m ines,  coal  m in i ng ,  surface structural damage 
Location (s) : I l l i no is,  I l l i nois Coal Bas in ,  Un ited 
States 
Priest, A. V ., R. J. Orcha rd .  Recent_  Subsidence 
Research i n  the Nottingh amsh i re and Derbysh i re 
Coa lfiel d .  Col l iery G uard ian ,  Ju ly 4, 1 957 ,  p .  4- 1 0. 
Rout ine observation of ground movement due 
to  m in i ng  operations was begun  in  the  area of  the  
southwestern extremity of  the  North Derbysh i re and 
Nottinghamsh i re coalfie ld . The seams are. rel atively 
sha l low, espec ia l ly in  the south and west, where 
workin g  is carried on near the outcrop to with in  50 
yards of  the surface . 
Keyword (s) :  coal  m in ing ,  mon itor ing methods, 
mon itori ng  equ ipment, su rvey methods, survey 
equ ipment, p ipel i nes, surface structu ra l damage, 
a rch itecture, su bsidence research 
Location (s ) :  Un ited Kingdom 
Priest, A.  V., R .  J.  Orchard . Recent Su bsidence 
Research in the Nottinghamsh i re and Derbysh i re 
Coalfie ld . Transactions, I nstitute of Min ing  
Eng ineers, London , v .  1 1 7, 1 957-58,  p .  499-5 1 2 . 
This paper describes mon itoring  of vertica l  and 
h orizontal subsidence disp lacements such that 
steps cou ld  be taken to prevent or reduce structu ra l 
damage to existi ng p ipe l ines and bu i ld ings in the 
Notti nghamsh i re and Derbysh i re coa lfie ld,  Eng land . 
Keyword (s) :  surface structu ra l damage, 
subsurface structural  damage, mine design ,  
mon itor ing design ,  uti l ities, mon itor ing methods, 
mon itoring equ ipment, p ipel ines, su rvey methods, 
subsidence research ,  su rvey equ ipment, coal  m in i ng  
Location (s ) : England 
Prokopovich ,  N.  P .  Land S u bsidence Along Delta­
Mendota Cana l ,  Cal iforn i a .  Rock Mechan ics, v .  
1 /2-3, 1 969, p . 1 34- 1 44. 
This subsidence was caused essentia l ly  by an 
i rr igation overdraft of the confined g roundwater .  
Due to the overdraft from 1 905 to 1 953,  decl ine  of  
piezometric levels a long the a l inement varied fro m  
90 t o  200 feet . With cana l  water del ivery in  1 95 1  
to 1 953,  the overdraft vi rtu a l ly ceased . Subsiden ce 
at the time was, therefore, a progressively d im in ­
i sh ing  " lag" i nherited from past overdraft . Active 
su bsidence in neighboring  a reas may a lso h ave 
affected the cana l . 
Keyword (s) : subsurface water, f lu id extraction , 
hydrology, surface structura l damage,  eng inee ri ng ,  
agricu ltu re, su rface water 
Location (s) : Cal iforn ia ,  Un ited States 
Prokopovich ,  N. P. Pred iction of Futu re Su bsidence 
Along Delta-Mendota and San Lu is Cana ls ,  Western 
San Joaqu in  Va l ley, Cal iforn i a .  I N :  Proceed ings,  
Association I nternationa le d ' Hydrologie Scientifique,  
Tokyo, September 1 969,  p .  600-6 1 0  ( in  Eng l ish ) .  
About 1 20 m i les of the Delta-Mendota and  San 
Lu is Canals,  constructed by the  Bureau of Rec lama­
tion ,  have been affected by subsidence caused by 
· overdraft of  grou nd water .  Estimates of u lt imate 
futu re su bsidence, varyin g  from traces to 3 . 6  feet, 
were derived from bench mark data treated as an  
exponential decay function . 
Keyword (s) :  subsurface water, flu id extraction ,  
hydrology, surface structu ra l damage, eng ineering ,  
agricu ltu re, surface water, prediction  
Location (s) : Cal iforn ia ,  Un ited States 
Prokopovich , N. P .  Land S u bsidence and  Popu lation  
G rowth . IN :  Proceedings, 24th I ntern ationa l  Geo­
logic Congress, 1 3 , 1 972,  p.  44-54.  
Keyword (s) :  fl u id extraction ,  land-use plann i ng  
Prokopovich , N .  P . ,  M .  J .  Marriott .  Cost of 
Subsidence to the Central Va l ley Project, Ca l iforn ia . 
Bu l letin Association Engineering  Geolog ists 20, 
1 983,  p .  325-332 .  
Keyword (s ) :  economics, fl u id extraction 
Location (s) : Cal iforn ia ,  United States 
Prokopovich,  N. P. Classification of Land  
Subsidence by  Orig in .  IN :  Land S u bsidence,  
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Proceedings 3rd Internationa l  Symposium,  Ven ice, 
Ita ly, March 1 9-25,  1 984, A . I .  Johnson , L. 
Carbogn in ,  and L .  Ubertin i ,  eds . ,  I nternationa l  
Association Hydrolog ical Sciences Publ ication No .  
1 5 1 ,  1 986,  p .  28 1 -290.  
Data col lected du ring the last decades a l low 
class ification of su bsidence into two g roups : endo­
gen ic,  caused by processes or ig inating with in  the 
p lanet; and exogenic,  caused by processes origi­
n at ing near the surface . Exogen ic su bsidence can 
be su bdivided into subsidence caused by removal 
or  weaken ing  of support and su bsidence caused by 
a n  increase in actua l  o r  effective load i ng .  
Keyword (s) :  flu id extraction , geologic features 
i 
Prokopovich , N .  P .  Economic Impact of S u bsidence 
on Water Conveyance in Ca l iforn ia ' s  San Joaqu in 
Val ley, USA. I N :  Land Su bsidence, Proceedings 3rd 
I nternationa l  Sympos ium,  Ven ice, I taly, March 
1 9-25,  1 984, A . I .  Johnson ,  L .  Carbogn in ,  and L. 
Ubertin i ,  eds . ,  I nternation a l  Association of 
Hydrological  Sciences Publ ication 1 5 1 ,  1 986,  p .  
7 9 5-804. 
Agricu ltu re i n  the ar id San  Joaqu in  Val ley 
depends on i rr igation . Depletion of aqu ifers pr ior to 
su rface water del ivery by the Centra l Va l ley Project 
caused su bsidence, local ly u p  to 8 to 9 meters .  
S u bsidence-related rehabi l itation o f  old cana ls and 
des ign modification of  new ones cost $67 mi l l ion . 
S u rface water importation is ach ieved by pump 
l ifting  water from the  Sacramento-San Joaqu in  
Delta . The Delta was  a tida l  marsh with thick peat 
deposits .  Oxidation of peat in  the rec la imed delta 
caused loca l ly more than 6 . 5  meters of su bsidence, 
resu ltin g  in n umerous floods and repa irs . 
Keyword(s ) : hydrology, econom ics, ut i l it ies, 
fl u id  extraction , agricu ltu re 
Location (s) : Ca l iforn ia ,  Un ited States 
Propokovich,  N .  P. Land S u bsidence Terminolog ical 
Confus ion . Bu l letin Association of Eng ineering 
G eolog ists 22 ,  1 985 ,  p .  1 06- 1 08 . 
Keyword (s) : fl u id  extraction 
Proust, A. Etude Sur Les Affa issements Min iers 
Dans Le Rassin Du Nord Et Due Pas-De-Cala is 
{Study of Mine Subsidence in · Nord and Pas-De­
Cala is Coal F ie lds ) .  Revue de l ' l ndustrie Minerale, v. 
46, n o .  6, 1 964, p. 5 1 3-5 1 6; v .  46, no .  7 ,  1 964, 
p. 547-5 8 1 . 
Keyword {s) :  coal  m in ing ,  subsidence research 
Location (s ) :  France 
Pryke,  J . F . S .  E l im inating the Effects of Subsidence.  
Col l iery Eng ineering ,  December, 1 954.  
The author d iscusses methods of correctin g  
su bsidence effects o n  the surface i n  relation to 
structures . 
Keyword (s) : structura l m itigation , surface 
structu ral damage 
Pryke, J . F . S .  Underpinn ing  and Jacking Bu i ld ings 
Affected by Min ing  Su bsidence or Other Differentia l  
Foundation Movement.  Roya l I nstitute Chartered 
Su rveyors, 1 960. 
Keyword (s) : structu ral mitigation , surface 
structu ral damage, foundations 
Location (s) :  England 
Publ ic  Record Corporation (Denver, CO) The Code 
of Colorado Regu l ations .  2 CCR 407-2,  1 980, p .  
9 1 -96,  285-288 . 
Perti nent sections deal with the responsib i l it ies 
of the mine  operator in regard to su bsidence due to 
underground min ing  in  Colorado . 
Keyword (s) : law, mine  operation , government 
Location (s) : Colorado, Rocky Mou ntain Coal  
Reg ion,  Un ited States 
Pula,  0 . ,  Y. P. Ch ugh ,  W. M .  Pytel . Estimation of 
Weak Floor Strata Properties and Related S afety 
Factors for Design of Coal Mine Layouts . I N :  Rock 
Mechan ics Contributions and Cha l lenges, 
Proceedings of the 3 1 st U .S .  Rock Mechan ics 
Sympos ium,  Golden, CO, June  1 8-20, 1 990, W.A.  
Hustru l id and G .A .  Johnson ,  eds . ,  Ba lkema,  
Rotterdam,  p .  93- 1 00. 
This paper presents regress ion equations for the 
estimation of weak floor strata properties from 
eng ineering index properties that can be used for 
the design of coal p i l la rs .  I t  a lso i l l ustrates the 
appl ication of probabi l ity concepts for the design of 
s ingle p i l lars .  The ana lysis ind icates that s ign ifi­
cantly h igher extraction ratios may be ach ieved by 
us ing more re l iable data in  m ine  design .  The authors 
plan to extend these ana lyses to the design of coal 
p i l lars in a panel with consideration of roof-p i l l a r­
floor interaction . 
Keyword(s) : coal m in ing ,  floor stabi l ity, in s itu 
testing ,  lab testing,  rock mech an ics, geotechn ica l ,  
p i l lar  strength 
Location (s ) :  I l l i nois, I l l i nois Coal Basi n ,  Un ited 
States 
Pu la ,  0 . ,  Y. P. Chugh ,  W. M .  Pytel .  Estimation of 
Weak Floor Strata Properties and Related Safety 
Factors for Design of Coal Mine Layouts .  I N :  M ine  
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S u bsidence - Pred iction and Control, Nationa l  
Symposiu m ,  33rd An nua l  Meeting,  Association of 
Eng ineering  G eologists, October 2-3 ,  1 990, C . D .  
E l ifrits, ed . ,  P ittsburgh ,  PA, p .  9 1 - 1 03 .  
The a uthors present modified statistica l  
correlations for estimation of representative 
u lt imate bear ing capacity ( UCB) and deformabi l ity 
modu lus  ( D M )  for weak floor strata based on data 
from six m ines in I l l i nois . Based on d ispersion 
characteristics of the data in  statistical ana lysis, the 
authors a lso present concepts to develop 
appropr iate safety factors based on rel iab i l ity 
concepts developed for structural engineering . 
Keyword (s) :  floor stabi l ity, geotechn ica l ,  m ine  
des ig n ,  part ia l extraction ,  p i l l a r  strength , geologic 
features, lab testing ,  in s itu test ing 
Location (s) :  I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Pytel ,  W . ,  Y.  P. Chugh ,  B .  Zabel , R. D. Caud le .  A 
S impl if ied Two-Dimensiona l  Ana lysis of the Roof­
Pi l l a r- Floor I nteraction Problem in Coal Mines .  I N :  
Proceedings,  7th I nternationa l  Conference i n  
G round  Control i n  M in ing ,  August, 1 988 ,  S . S .  
Peng ,  ed . ,  Morgantown , WV, p .  27 1 -28 1 . 
A two-d imens iona l ,  time-dependent ana lysis of 
a n  overburden-pi l l a r-weak floor strata interaction 
problem is presented as a beam model consisting  of 
a composite roof beam rest ing on mu lt iple e lastic 
fou n dations (p i l l ars )  underla in  by a composite rock 
mass representing immediate floor strata . Several 
d ifferent m ateria l  models may be considered for the 
immed iate floor strata . The ana lysis can inc lude a l l  
open ings and  p i l la rs in a panel and permits bed 
separations in  the roof composite beam .  The model 
has enabled identification of the relative s ign ifi ­
cance of d ifferent geometric and mechan ical  
behavior parameters govern ing the system .  The 
paper presents the theoretical  background for the 
model as  wel l as its a ppl ication to a mine in I l l i nois 
where su rface and underground geotechn ical  
observat ions were conducted . 
Keyword (s) :  model i ng ,  overburden, coal m in ing ,  
floor stabi l ity, prediction,  instru mentation 
Location (s) : I l l ino is ,  I l l ino is Coal Basin , Un ited 
States 
Pytel ,  W. M . ,  Y. P. Chugh . An An a lysis of Roof­
P i l l a r-Weak Floor I nteraction in Partia l  Extraction 
Room-and-Pi l l a r  M in ing . I N :  Rock Mechan ics as a 
G u ide for Effic ient Uti l i zation of Natural Resou rces, 
Proceed ings 30th U .S . Sympos ium,  1 989 ,  A .W.  
Kha ir, ed . ,  Balkema, Rotterdam,  p .  62 1 -62 8 .  
The appl icabi l ity of the beam theory i n  ana lysis 
of roof-p i l lar-weak floor interaction i n  part ia l  extrac­
tion room-and-pi l lar  m in ing  is presented . The m ine  
structu re i s  modeled as  an equ ivalent m u lti- indeter­
minate overbu rden elastic beam s upported by 
elasto-plastic p i l lars resting  on a viscoelastic layer 
of immediate weak floor strata u nder la in by a 
competent rock mass . The developed ana lytical 
model was in itia l ly used to conduct sensitivity 
ana lyses of different variables affecting  the m in i ng  
system, such as the  deformabi l ity of  coal  and  wea k  
floor strata, th ickness o f  weak floor strata , n u m ber  
of  p i l la rs in  a pane l ,  width of  p i l l a rs ,  and  width of 
pane l . These ana lyses were then exten ded to 
th ree overburden strata - coa l p i l lar  - floor strata 
l ithologies typical of active coal m in ing  a reas i n  
I l l i nois .  
Keyword (s) : partial extraction , room-and-p i l l a r, 
coal m in ing ,  model ing ,  overburden , floor stabi l ity, 
p i l lar  strength,  active mines 
Location (s} : I l l inois, I l l inois Coal Basin ,  Un ited 
States 
Pytel ,  W. M . ,  Y. P. Chu g h ,  0 .  Pu la . An Approach 
for Design of Coal P i l lars in  Partia l  Extraction Coal 
M in ing  Pane ls With a Consideration of Roof-Pi l l a r­
Floor Interaction . I N :  Rock Mechan ics Contribut ions 
and Chal lenges, Proceedings of the 3 1 st U .S .  Rock 
Mech an ics Sympos ium,  Golden , CO, J u n e  1 8-20, 
1 990, W .A. Hustru l id and G .A .  Joh nson,  eds . ,  
Ba lkema, Rotterdam, p .  1 0 1 - 1 08 .  
This paper presents a n  approach for design of 
coal p i l lars in a panel  with a consideration of roof­
p i l lar-floor interaction . The main goal  of th is  ana ly­
sis is to design mine layouts that wou ld maximize 
coa l  recovery i n  d ifferent sections of  the pane l  
wh i le mainta in ing  p i l lar,  floor, and roof stabi l ity. 
Overr id ing considerations may i nclude factors 
such as equ ipment size and panel geometry . 
Keyword (s} : room-and-pi l lar ,  partia l  extraction , 
coal m in ing ,  floor stabi l ity, p i l l a r  strength , model ing,  
roof stabi l ity, computer 
Location (s) : I l l i nois, I l l ino is Coal Bas in , Un ited 
States 
Pytel ,  W .  M . ,  Y. P. Chugh . S impl ified Three­
Dimensiona l  Roof-Pi l lar-Floor I n teraction Ana lysis 
I nc lud ing Time Effect. I N :  Rock Mechan ics as a 
Mu ltidisc ip l inary Science, Proceedings 32nd U . S .  
Sympos ium,  The Un iversity of Oklahoma, Norman ,  
Ju ly 1 0- 1 2 , 1 992,  J . -C . Roeg iers, ed . ,  Balkema,  
Rotterdam, p .  7 8 1 -790.  
A s impl ified th ree-d imensiona l  roof-p i l l a r-floor 
interaction ana lysis model, based on the theory of 
3 1 4  
th in  p lates o n  i nelastic fou n dat ions h as been 
developed . The m ine  structure is  modeled as an 
equ iva lent indeterminate p late resting  on m u lt ip le 
deformable foundation elements transmitting  the 
load to the weak floor strata . The problem solution 
is based on the f in ite difference method, which 
permits one to relate the actua l  m in i ng  progress 
with equ iva lent time-dependent overbu rden/floor 
deformabi l ity, us ing  an  i ncrementa l advance 
a pproach , i nc lud ing  a l l  m ined-out a reas, with 
su itable t ime, or  time d ifferences of extraction . 
Keyword (s } :  model i ng ,  floor stabi l ity, time 
factor ,  room-and-p i l lar ,  lab testing ,  in  s itu testing ,  
overbu rden 
Location (s) : I l l ino is,  I l l ino is Coal Bas in ,  Un ited 
States 
Pytel ,  W. M . ,  Y. P. Chugh . Su bsidence Pred iction in 
Lon gwa l l  M in ing  Using a Beam Theory Based 
S imp l ified Analytical Model . I N :  Proceedings Th i rd 
Workshop on S u rface Subsidence Due to Under­
g roun d  Min ing ,  June  1 -4, 1 992 ,  S .S .  Peng ,  ed . ,  
Morgantown, WV, p .  66-75 . 
A s impl ified two-dimensiona l  model to ana lyze 
t ime-dependent load d istribution and surface 
su bsidence associated with longwal l  m in ing  
geometries is described . The model is based on the 
theory of beams resting  on ine lastic foundations 
and i ncludes visco-elastic behavior of coa l p i l l a rs ,  
e lastic behavior of face supports, and visco-elastic 
behavior of the overburden strata . The relative 
i mportance of the d ifferent variables affect ing the 
performance of longwal l  m in ing  geometries from a 
g rou nd  control point of view is a lso ana lyzed . The 
model h as been va l idated for f ie ld observations 
from one I l l i nois longwal l  m ine .  
Keyword (s ) :  model ing ,  longwal l ,  active mines, 
e lastic model , overbu rden , g rou nd  control , coal  
m in i ng  · 
Location (s) : I l l i nois,  I l l i nois Coal Basi n ,  Un ited 
States 
Pytlarz, T . ,  K .  Trojanowski . Subsidence Calcu lation 
With an Arbitrary Shape of the Exploitation Area by 
the Segment Network Method on Basis of S .  
Knoth e 1 s  Theory .  1 974, 5 2  p .  ( NTIS TT 74-540 1 1 )  
This report deta i ls calcu lation of surface 
subsidence us ing  Knothe 1 s  theory of the explo ita­
tion effect on the g round su rface for the case of a 
spat ia l  problem with an  arbitrary shape of the g iven 
exploitation a rea . 
Keyword (s) : vertica l  d isplacement, hor izonta l  
d isp lacement, prediction theories, empir ical model,  
prof i le fu nction , pred iction 
Qian,  M-G . ,  G-J . Zhao .  The Behaviour  of the Ma in  
Roof Fracture in  Longwal l  M in ing  and i ts  Effect on 
Roof Pressure .  I N :  Rock M ech an ics, Proceedin gs of 
the 28th U . S .  Symposiu m ,  Tucson ,  AZ, June  29-
J u ly 1 ,  1 987,  l .W .  Farmer, et a l . ,  eds . ,  Balkema, 
Rotterdam ,  p.  1 1 23- 1 1 28 .  
This paper expla ins a model a s  a semi- inf in ite 
long beam to be c lamped on a Winkler e lastic 
foundation . 
Keyword (s ) :  model i ng ,  roof stab i l ity, longwa l l ,  
coal m in ing  
Location (s) : Ch ina  
Quan,  C .  K. Overview of  the Bureau of  M ines 
Subsidence Research Program . S M E-AI M E  Ann u a l  
Meeting ,  New Orleans, LA ,  Februa ry 1 8-22,  1 97 9 ,  
S M E-AI M E  Preprint 79-84, 1 979 ,  9 p .  
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The state of the a rt in su bsidence prediction ,  
contro l ,  and  prevention and in  subsidence-related 
damage abatement h as not progressed in the Un ited 
States to the level ach ieved i n  other countries . To 
bridge th is  gap,  the USBM is pu rsu ing a compre­
h ens ive subsidence investigation , specifica l ly 
designed to address major problems on the loca l ,  
reg ionaL and  nationa l  leve l .  
Keyword (s) : p red iction,  economics, structu ral 
m it igation ,  l and  m itigation , ground control ,  
subsidence research 
Location (s ) : Un ited States 
Rad, P .  F .  Mechan ica l  Properties and Cuttin g  
Characteristics of Coal . U . S .  Bureau of M ines IC  
8584, 1 973,  p .  1 -46.  
Keyword (s ) :  rock mechan ics, coal min ing,  lab  
testing,  p i l l a r  strength 
Location (s) :  Un ited States 
Radcl iffe, D. E . ,  R .  M .  Stateha m .  Effects of Time 
Between Exposu re and S upport on Mine Roof 
Stabi l ity, Bear Coal Mine, Somerset, Colo . U . S . 
Bureau of M ines R I  8298 ,  1 978 ,  1 3  p .  
Keyword (s) :  roof su pport, roof stabi l ity, coal 
m in ing ,  mine operation 
Location (s) : Colorado, Rocky Mou nta in  Coal 
Reg ion,  Un ited States 
Rai lway Gazette . Trackside Fou ndations in  
S ubsidence Areas . Apri l  3 ,  1 95 9 ,  p .  3 90-39 1 .  
This paper discusses the construction of 
concrete rafts to carry steel structures for over­
head electrification . 
Keyword (s ) :  ra i l roads, fou ndations,  ut i l it ies 
Raman i ,  R. V., C. B .  Man u ia .  A Master 
Envi ronmental Control and Mine  System Design 
S imu lator for Underground Coal M in i ng .  Volu me I .  
Executive Summary .  G rant G 0 1 1 1 808,  
Pen nsylvan ia State Un ivers ity, U .S .  Bureau of  
Mines OFR 84( 1 )-76 ,  1 975 ,  3 1  p .  ( NT IS  P B  255 
42 1 )  
Keyword (s ) :  m ine des ign,  environ ment, 
model ing,  coal m in ing  
Location (s ) :  Un ited States 
Raman i ,  R. V . ,  ed . Longwal l-Shortwal l  M in i ng ,  
State-of-the-Art . A IME,  New York, 1 98 1 , 2 9 6  p .  
Keyword (s) : longwal l ,  environment, m ine  
design ,  shortwal l ,  surface su bsidence damage,  coal 
m in ing  
Location(s) : Un ited States, Europe, O h io, 
Appalach ian Coal Region , Pennsylvan ia ,  Alabama,  
New Mexico, I l l inois, Canada,  Un ited Kingdom 
Ramsay, R .  Discussion on Deep ,  Long-Wal l  
Workings .  Journa l  of  the I l l ino is  M in ing  I n stitute , v .  
1 .  no .  3 ,  1 892 ,  p .  227-23 1 .  
Keyword (s) : longwal l ,  coa l m in i ng ,  geolog ic 
featu res, h istorical 
Location (s) : I l l i nois, I l l inois Coal Bas in , Un ited 
States 
Randolph ,  B. S .  The Theory of the Arch in M in i ng . 
Col l iery Eng ineering ,  v. 35 ,  March , 1 9 1 5 , p .  
42 7-429 .  
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Keyword (s ) :  roof stabi l ity 
Location (s) : Eng land 
Ranki lor,  P .  R .  An Approach to the S imu lation of 
M in i ng  S u bsidence Phenomena in an Elastic Layered 
Model . Quarterly Journa l  of Eng ineering Geology, v. 
3, December, 1 970, p. 55-63 . 
The author comments on the background to 
model ana lysis of m in ing  problems, and describes 
the use of u rethane  rubber in  the construction of a 
l ayered model s imu lati ng  strata over m ine  workings .  
I n  th is  paper, the author describes angles of draw 
beiow 35 degrees and a lso describes the subs i­
dence development profi le of the model in relation 
to those observed for some Eu ropean m in i ng .  
Possible future app l ications for th i s  type of  model 
work are suggested . 
Keyword (s) : phenomenological  model , e lastic 
model,  model i ng ,  overburden,  ang le of draw, 
predict ion 
Location (s) : Eu rope 
Ranki lor, P. R. The Construction of a Photoelastic 
Model S imu lat ing M in ing  S u bsidence Phenomena . 
I nternationa l  Journa l  of Rock Mechan ics and Min ing  
Sciences & Geomechan ics Abstracts, v .  8 ,  n o .  5 ,  
September, 1 97 1 ,  p .  433-444. 
The a uthor has adopted the use of a soft, 
photoelastic polyurethane  rubber to construct a 
two-dimensiona l  model section through the earth ' s  
strata in t o  s imu late m i n i n g  extraction with its con­
sequent su rface subsidence phenomen a .  The model 
is  used to make in  i n it ia l  assessment of the effect 
on su bsidence of varying  panel�to-pi l lar  width ratios 
in a part ia l -extraction system .  From photoelastic 
observations on the model, the author demon­
strates the formation of an  inverted "wedge" over 
the m ine  workings,  instead of the classical "arch"  
so frequently postu lated in  m in i ng  papers . 
Keyword (s) : model ing ,  phenomenological  
model ,  e lastic model ,  rock mechan ics ,  p i l lar  
extraction , part ia l  extraction 
Ran ki lor, P. R .  Eng ineering Geology and M in i ng .  
G round  Eng ineeri ng ,  v .  9 ,  n o .  7 ,  October, 1 976 ,  p .  
22-26 .  
Keyword (s ) : eng ineering  
Ratigan ,  J .  L .  User I nformation Manua l .  S UBS I D :  A 
Non l inear, Two-D imensiona l  F in ite Element Program 
for Static Eva luation of M in ing  S u bsidence.  
Lawrence Berkeley Laboratory, University of 
Cal iforn ia ,  June 1 980, 74 p .  (NTIS LBL- 1 1 3  56)  
Keyword (s) :  f in ite e lement, model ing ,  computer 
Location (s ) :  Un ited States 
Ratiga n ,  J .  L . ,  R. E. Goodman . Model ing  of Static 
Subsidence in a Nonl inear Mediu m .  Lawrence 
Berke ley Laboratory, Un iversity of Cal iforn i a ,  
December 1 980, 1 7  p .  (NT IS  LBL- 1 1 896)  
Keyword (s) :  model i ng  
Location (s ) :  Un ited States 
Ratigan,  J .  L . ,  T. J .  Vogt. Techn ica l  Note : A Note 
on the Use of Prec ision Level S u rveys to Determine  
Subsidence Rates . I nternationa l  Journa l  of  Rock 
Mechan ics and Min ing Sciences & G eomechan ics 
Abstracts , v .  28, no. 4, 1 99 1 , p. 337-34 1 . 
The pu rpose of th is paper is to present an 
a lgorithm for reduc ing level su rvey data to sub­
sidence rates . The a lgorithm accou nts for g round  
movement taking place during the  level surveys . 
Two level surveys at a specific site a re ana lyzed 
with the new a lgorith m as well as with an  a lgorith m 
that neg lects the ground movement duri ng  the l evel 
surveys . The resu lting subsidence rates for the two 
a lgorith ms are compared and errors a re discussed . 
Keyword (s ) :  su rvey data process ing,  su rvey 
methods, vertical d isplacement 
Rau ,  J. L. , P .  Nuta laya, M. Boonsener.  S u bsidence 
and Ch loride Contamination at Nang Bo Reservoir,  
Northeast Tha i land . Geotech n ical  Eng ineering ,  1 3 , 
1 982,  p .  5 1 -7 2 .  
Keyword (s) :  surface water 
Location (s) :  Tha i land 
Rauch , H .  W .  A Summary of  G round Water I mpacts 
from Undergrou nd Mine S u bsidence in the North 
Central Appalach ians . I N :  Proceedings Specia l  
I n stitute on Coal Mine Subsidence i n  Pittsburgh ,  
Eastern Minera l Law Foundation , Morgantown , WV, 
1 989 ,  p .  2 .0 1 -2 .3 1 . 
Keyword (s) :  subsurface water, su rface water, 
hydro logy, coa l m in ing ,  longwal l  
Location (s) : Appa lach ian Coal Region , Un ited 
States 
Rayburn ,  J .  M .  Subsidence in Thick Freeport Coa l .  
Transactions AI M E, Coa l D ivis ion ,  v .  88 ,  1 930, p .  
1 44- 1 50. 
Survey l ines were establ ished para l le l  and 
perpendicu lar  to the l ine  of pi l lar extraction in  an 
attempt to determine the shape of the trave l ing  
subsidence trough . 
Keyword (s) : p i l l a r  extraction ,  ang le  of draw, 
su rvey design,  su rvey methods, coal m in ing  
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Location (s) : Pen nsylvan ia ,  Appa lach ian Coal 
Region , Un ited States 
Read , T. T. Lake S u perior Copper Min in g :  Present 
and Futu re I I .  M in ing  and Scientific Press, v .  1 40, 
1 9 1 5 , p. 2 1 5 . 
Stamps sands were used for backfi l l i ng  and for 
subsidence prevention . 
Keyword (s ) :  backfi l l i ng ,  metal m in ing ,  g rou nd 
contro l  
Location (s) : Un ited States 
Redd ish , D. J .  Study of G round Stra in in Relation to 
M in i ng  S u bsidence .  Ph . D .  Thesis, 1 984, Un iversity 
of Notti ngham,  U . K. 
Keyword(s ) : h orizonta l d isplacement, coa l 
m in i ng  
Location (s) : Un ited Kin gdom 
Reed, J .  J .  M ine-Open ing Stabi l i zation by Stress 
Redistribution . Colorado School of Mines Quarterly, 
v. 5 1 ,  n o ,  3, J u ly, 1 956 .  
Keyword (s ) : rock mechan ics, m ine  design 
Location (s) :  Un ited States 
Reed, J .  J .  Case H istory in P i l lar  Recovery . 
Transactions,  AI M E  (M in i ng  Eng ineering ) ,  v. 1 1 , 
J u ly, 1 959 ,  p .  70 1 -705 . 
Keyword (s) :  p i l l a r  extraction 
Location (s) :  Un ited States 
Rees, D .  W. S u bsidence in Anthracite Areas . 
Col l iery Gua rd ia n ,  v .  74, no .  3234, December 22 ,  
1 92 2 .  
Th is paper describes subsidence observations i n  
t h e  anth rac ite a rea,  where o n e  seam i s  worked a t  a 
moderate depth,  the floor is hard and no heaving  
takes p lace, and the coa l  serves as a true boundary 
because of its resistant n atu re .  
Keyword (s) : anthracite, coa l m in i ng ,  roof 
support, f loor stab i l ity, ang le of draw 
Reeves, A. Lega l  Aspects of Development in Coal 
M in ing  Areas :  The Nationa l  Coal Board Involvement. 
I N :  M ineworkings 84:  Proceed ings I nternationa l  
Conference on Construction i n  Areas of Abandoned 
M ineworkings , Ed inburgh ,  1 984, M . C .  Forde, 
B . H .V .  Topping ,  and H .W.  Wh ittington, eds . ,  
Eng ineeri ng  Techn ics Press, p .  1 89- 1 95 .  
Keyword (s) : law, coal m in ing ,  land-use 
p lann i ng ,  Nationa l  Coal  Boa rd 
Location (s ) :  Un ited Kingdom 
Reifsnyder, R .  H . , J .  F .  Peters . Sod ium S i l i cate 
Grouts :  The Solution to Difficu lt S u bsidence Prob­
lems . I N :  Proceedings Symposiu m  on Evolut ion of 
Abandoned Mine Land Technolog ies, R iverton , WY, 
June 1 4- 1 6, 1 989 ,  p. 329-335 . 
A new cement grouti ng  tech n ique  is n ow 
avai lab le for use for a wide variety of grouting  
appl ications .  Th is process not on ly resu lts i n  a 
su perior grout in terms of strength , acid resistan ce, 
and ang le of repose, but it a lso s ign if icantly reduces 
the costs associated with completi ng  the job .  
I n itia l ly designed for subsidence abatement i n  
flooded abandoned mines, i t  has been proven to  be  
adaptable to  a n umber of  d ifferent  end uses a n d  
s ites . 
Keyword (s) :  g routin g ,  abandoned m ines, 
structura l  m itigation , su rface structu ra l damage 
Location (s ) :  Oh io,  Un ited States 
Reiss, I .  H. Tota l Uti l ization of a Land  Resource .  
M in ing Congress Jou rna l ,  v .  63, no .  1 0, 1 977 ,  p .  
55-5 9 .  
Th is paper discusses coal as a leg itimate crop i n  
terms of a long-term l and-use program ,  and 
describes grass land farming  as a viab le  a lternative 
to corn l a n d .  The author concludes th�t corn , coa l ,  
and cattle a re sti l l  compatib le . 
Keyword (s) : agricu ltu re, reclamation ,  l and-use 
p lann ing ,  coa l m in i ng  
Location (s ) :  Un ited States 
Reitz , H. M . ,  D. S .  Eskridge .  Construction Methods 
Which Recogn ize the Mechan ics of S i nkho le  
Development.  Hydrologic Problems i n  Karst 
Regions,  1 977, R . R .  D i lamarter and  S .C .  Casa l l any,  
eds . ,  Western Kentucky Un iversity, p .  432-43 8 .  
Keyword (s) : construction ,  land-use p la n n i ng ,  
geologic featu res 
Location (s) : Un ited States 
Rel lensman n ,  0 . ,  E. Wagner .  The Effect on 
Ra i lways of  the Ground Movements Due to M in in g .  
I N :  Proceedings,  European Congress on G round  
Movement, Leeds, Eng land,  Apri l  9 - 1 2 , 1 957 ,  
London Harrison,  p .  74-82 .  
This paper ana lyzes partia l-extraction methods 
that can be used to m in im ize subsidence damage to 
ra i lway l i nes, with discussions on the use of safety 
p i l l ars and various mine design s .  A short exp lana­
t ion of the mechan ics of ground  deformations is  
a lso given . 
Keyword (s) : m ine design ,  ra i l roads, partia l  
extraction , room-and-p i l la r, p i l l a r  strength 
Location (s) : Europe 
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Rel lensm a n n ,  0 .  Rock Mecha n ics i n  Regard to 
Static Load ing Caused by M in i ng  Excavation . 
Colorado School of M ines Quarterly, v .  52,  n o .  3 ,  
Ju ly  1 95 7 I p .  35-48 • 
Th is paper perta ins  to the beh avior of strata 
overlying  m ined-out a reas and the calcu lation of 
su rface movements . The a uthor briefly mentions 
the use of empirica l  data to predict subsidence .  
Keyword (s) : rock mechan ics, overburden 
Location (s ) :  Un ited States 
Ren , G . ,  D. J .  Reddish ,  B. N. Wh ittaker .  M in ing  
Su bsidence and  Disp lacement Prediction Usin g  
I nf luence Function Methods .  M i n i n g  Science and  
Technology, v .  5 ,  1 987 ,  p .  8 9- 1 04 .  
A flexib le i nfl uence function/zone a rea a pproach 
to subsidence and  horizontal d isplacement pre­
d iction  is described i n  deta i l ,  with particu lar  em­
p hasis be ing p laced on  the appl icab i l ity of the 
method to computer prediction . The method is 
com pa red to the Nationa l  Coa l Board Subsidence 
Eng ineers 1 Handbook empir ical  model for g rou nd 
movement prediction over a fu l l  pane l .  Examples of 
graph ical  output from the program ,  and com­
parisons to field cases and other models a re 
provided . 
Keyword (s) : pred iction ,  empirica l  model ,  
i n fl uence fun ction , profi le  function ,  stochastic 
model ,  zone a rea,  computer, model i ng ,  Nationa l  
Coal  Board , h orizontal d isp lacement, longwa l l ,  
active m ines 
Location (s ) :  Un ited Kin gdom 
Ren , G . ,  D. J.  Redd ish,  B .  N .  Whittaker. 
Computerised Su bsidence and Displacement 
Pred iction Usin g  I nfl uence Function Methods . I N :  
Proceedings  7th I nternation a l  Conference on 
G round  Control i n  Min ing ,  Morgantown , WV, 
August 3-5,  1 98 8 ,  S . S .  Peng ,  ed . ,  Department of 
M in i ng  Eng ineeri ng ,  West Virg i n i a  Un iversity, 
Morgantown ,  p.  1 0 1 - 1 1 5 . 
A computerized influence fu n ction approach to 
su bsidence and  h orizontal d isp lacement pred iction 
is described, with particu lar  emphasis being  p laced 
on the appl icab i l i ty of the method to i rregu larly 
shaped m ine  workin gs .  Based on previous work, 
th is approach has been put forward for i nc l i ned 
seam situations .  Examples are g iven of graph ica l  
output presenti ng  surface su bsidence contou rs, 
h orizonta l  d isp lacement vectors and  pri ncipa l  stra in  
vectors and  the i r  s ig n ificance d iscu ssed i n  relation 
to current problems .  
Keyword (s } :  computer, i nfluence fu nction , 
prediction , predict ion theories, empirical model, 
horizonta l  d isplacement, mu ltip le-seam extraction , 
Nationa l  Coa l Board, stochastic model ,  model i ng ,  
coal m in ing  
Location (s) :  Un ited Kingdom 
Ren , G . , B .  N. Wh ittaker, D. J. Reddish . M in ing  
Su bsidence and Displacement Prediction Usin g  
I nfl uence Function Methods for Steep Seams .  
M in i ng  Science and Tech nology, v .  8 ,  n o .  3 ,  1 98 9 ,  
p .  235-2 5 2 .  
The pred iction of su bsidence and  displace­
ments a ris ing from longwal l  m in ing  of steep seams 
is examined . Various inf luence fun ction methods 
and the Nationa l  Coal Board Subsidence Eng ineers 1 
Handbook empirical  design tech n ique  a re compared 
for d ifferent m in ing  conditions .  Comparisons a re 
made between the methods reviewed . The resu lts 
of predictions with these methods a re compared 
with field observations .  
Keyword (s ) :  pred iction,  influence fu nction , 
longwal l ,  coa l  m in ing ,  empi rica l model ,  Nationa l  
Coal Board 
Location (s } :  Un ited Kingdom 
Repa, J.  V. ,  J .  W. McMul len,  P .  D.  Sm ith . 
Conceptua l  Design for a S u bsidence S imu lator .  
February, 1 980, 7 p .  (NTIS LA-8239-MS)  
Keyword (s) :  model ing 
Research Committee of Mid land Cou nty I nstitute of 
Min ing Eng ineers . The I nf luence of Variation in the 
Nether Roof on the I ncidence of Fa l ls . Transactions 
I nstitute of Min ing Engineers, v .  84, 1 93 2-33 ,  p .  
93- 1 1 O;  v .  85,  1 932-33 , p .  27 . 
This report describes a series of studies made 
in a mine seam that, in d ifferent areas, has  a roof 
composed of sandstone, stone b ind,  sha le, c lod, 
and coa l . 
Keyword (s) : roof stabi l ity, coa l m in ing ,  geolog ic  
-featu res 
Location (s ) :  Un ited Kingdom 
Reynolds, J. F .  Fi rst North American Lon gwal l  in 
Pitch ing Seams Proven Feasible . M in ing  
Engineering,  December 1 983, p .  1 6 1 5- 1 6 1 8 . 
Snowmass Coal Company, in cooperation with 
the U . S .  Department of Energy, introduced the 
longwall min ing method in pitch ing seams to North 
America . This ventu re is a coal m in i ng  research 
program directed toward the profitable production 
of coa l  under d ifficu lt m in ing  conditions as  fou nd in  
p itch ing seams of  the western Un ited States . 
Keyword (s) :  longwal l ,  coal m in ing ,  active 
mines, mine operation 
3 1 9  
Location (s ) :  Colorado, Rocky Mou nta in  Coal 
Reg ion ,  Un ited States 
Rhodes, G .  W .  Plate Bear ing Tests on Coa l M ine  
Underclays .  M .S .  Thesis, Univers ity of  Missou ri­
Rol la ,  1 97 8 .  
Keyword (s) :  f loor stab i l ity, coal m in ing ,  i n  s itu 
testin g  
Rhodes, H . ,  R .  H .  Hors ley . Observations o n  the 
Work ing  of a Seam of Coal Under a Ra i lway Tu n n el . 
Transactions,  I nstitution of M in ing  Eng ineers, v .  87,  
1 933-34, p .  1 29- 1 39 .  
A brick- l ined rai lway tu nnel was successfu l ly 
u n derm ined,  by a 5-foot-th ick seam of coa l lyi ng  
6 1 3  to  7 0 1  feet below the  tu nnel floor .  The tunnel 
requ i red on ly m inor repa i rs after min in g .  
Keyword (s) : ra i l roads, backfi l l i ng ,  coal m in ing  
Ricca , V . ,  M .  Hemmerich . Underground Mine 
Dra inage Quantity and Qua l ity Generation Mode l .  
I N :  Proceedings 1 st World Congress o n  Water in  
M ines and  Underground Works, S IAMOS--78,  
G ra n ada ,  S pa in ,  September 1 8-22,  1 978 ,  R .  
Fernandez-Ru bio, ed . ,  p .  863-88 2 .  
Th is computer model i s  capable o f  s imu lat ing 
u nderground  mine makewater and its consequent 
d ischa rge  rates from adits . An additiona l  featu re is 
its ab i l ity to generate acid loads associated with the 
drain age . A hydrologic model using c l imatological  
data ,  watershed parameters, and mine operation 
information is used to calcu late the amount of 
water pass ing to the geologic strata of the m ine .  
As the water movement th rough the  mine works i s  
modeled, the ac id  generated i s  s imu lated by 
mathematical formu lations describ ing the chemica l  
productions and  removal mechan isms.  The 
component contributions a re summed, with t ime 
preservation , and expressed as discharge rates 
and  loads .  The model is presented as a case study 
appl ication to a coal mine in the Un ited States . 
Keyword (s ) :  model i ng ,  computer, subsurface 
wa;ter, hydrology, coal m in ing,  envi ronment, 
geologic featu res 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Rice, G .  S .  M in ing-Wastes and Min ing  Costs in 
I l l i nois . I l l i nois Geological  S u rvey Bu l letin No .  1 4, 
Yea r- Book for 1 908,  H . F  Ba i n ,  Director .  Un ivers ity 
of I l l i no is,  Urbana ,  1 909, p .  2 1 1 -2 2 2 .  
I n  th is chapter, the author d iscusses the range 
of coal extraction and  the variation in yield from 
different parts of the state . The percentage of yield 
varied from about 50% to 90% . S u rface sub­
sidence and its effect on agricu ltural  l and was cited 
as one of the reasons for decreased extraction in 
some areas .  The author a lso discusses reasons why 
hydrau l ic backfi l l i ng wou ld not be appl icable in  
I l l i no is  for  subsidence prevention . 
Keyword (s ) :  h istorica l ,  economics, hydra u l ic 
backfi l l i ng ,  mine waste, agricu ltu re, coal m in i ng  
Location (s) :  I l l i nois,  I l l i nois Coa l Bas in , Un ited 
States 
R ice,  G .  S .  Some Problems in G round Movement 
and Subsidence . Transactions AI M E, v .  69 ,  1 923,  
p .  3 74-405, 4 1 3-43 3 .  
The author discusses subsidence from m in i ng ,  
mechan ics of  ground movement, p i l l a r  extraction , 
and pred iction methods . 
Keyword (s) : coa l m in ing ,  meta l m in ing ,  room­
and-pi l lar, pi l lar extraction , longwal l ,  ang le of d raw 
Location (s) :  I l l inois Coa l Bas i n ,  Appalach ian 
Coal  Region , Rocky Mounta in  Coal Region , Un ited 
States 
Rice, G .  S . ,  C. Enz ian . Tests of Strength of Roof 
S upports Used i n  Anth racite M ines of Pennsylvan ia . 
U .S . Bureau of Mines Bu l letin 303, 1 92 9 ,  44 p .  
Tests of coal p i l lar  strength and other  roof 
su pports were reviewed . 
Keyword (s) :  roof support, anth racite, p i l lar  
strength , ground control ,  m ine desig n ,  coa l  m in i ng ,  
l ab  testing ,  in  situ testin g  
Location (s ) :  Pen nsylvan ia ,  Appalach ian  Coal  
Region,  Un ited States 
Rice, G .  _S . The Question of the Angle-of-Draw. 
M in ing  & Meta l l u rgy, v .  1 0, March , 1 929 ,  p .  
1 32- 1 33 .  
Keyword (s) :  ang le of  draw 
Rice, G .  S. Recent Researches on G round Move­
ment Effects in Coa l Mines and on the Strength of 
Coal and Roof Supports . Transactions,  A I M E, v .  
1 0 1 ,  1 932 ,  p .  269-293 .  
Keyword (s) :  roof stabi l ity, roof su pport, p i l l a r  
strength , coa l  min ing 
Location (s ) :  Un ited States 
Rice, G .  S .  G round Movement from M in i ng  in Brier 
Hi l l  M ine, Norway, Mich igan . Transactions,  A I M E, 
V. 1 09 ,  1 934, p .  1 1 8- 1 5 2 .  
Keyword (s) : su rface subs idence damage,  metal  
m in ing  
Location (s ) :  M ich igan ,  Un ited States 
3 20 
R ice, G .  S .  Bumps in Coa l Mines of the Cumberland 
F ie ld,  Kentucky and Virg in ia--Cause and Remedy. 
U . S .  Bureau of M ines R I  3 267,  1 935,  36  p .  
Keyword (s) : g round control,  room-and-p i l lar, 
m ine  design ,  bumps ,  coa l m in ing  
Location (s} :  Kentucky, Virg in ia ,  Appalach ian 
Coal Reg ion,  Un ited States 
Rice, G .  S .  Bu m ps in Coa l Mines--Theories of 
Causes and Suggested Means of Prevention or of 
M in im iz ing  Effects . Transactions,  AI M E, Coal 
Divis ion,  v .  1 1 9 ,  1 936,  p. 1 1 -3 9 .  
Keyword (s) : g round  contro l ,  room-and-p i l lar, 
f loor stab i l ity, m ine  design ,  bumps, coa l m in ing  
Location (s) :  Un ited States 
R ice, G .  S .  G round  Movement and Subs idence 
Studies Aid i n  Solving  M in ing  Problems . M in ing  and 
Meta l l u rgy, v .  1 7, January, 1 936,  p. 1 5- 1 6 . 
The a uthor reviewed work by P .  Bucky, He lmut 
Landsberg, and Ryoj u n  Col lege, on the strength and 
e lastic recovery of rocks . 
Keyword (s ) :  m ine design , p i l lar  strength , room­
and-p i l la r  
Location (s) : En gland 
Rice, G .  S.  G rou nd Movement and Subsidence 
Studies in M in ing  Coal ,  O res and Nonmeta l l ic  
M inera ls . Transactions,  A I M E, v .  1 3 9 ,  1 937 ,  p .  
1 40- 1 54 .  
Keyword (s ) : coa l  m in ing ,  meta l m in ing ,  non­
meta l m in i ng  
Location (s ) :  Un ited States 
R ice, G .  S .  Notable Studies in  the Kolar Gold F ie ld 
and at a Pittsbu rgh  Coal M ine .  M in ing  and Metal­
l u rgy, v .  1 9 , January, 1 938 ,  p.  24-25 .  
Th is paper reviews su bsidence studies in  the 
gold fie lds of I nd ia ,  as  wel l  as those by the US BM 
at the Montour  m ine  in  Pittsburgh . 
Keyword (s) : metal m in ing ,  coa l m in ing  
Location (s ) :  I nd ia ,  Pen nsylvan ia, Appa lach ian 
Coal Region , Un ited States 
R ice, G .  S . ,  I .  Hartman n .  Coa l M in ing  in  Eu rope . A 
Study of Practices in Different Coal Formations and 
Under Variou s  Environmental Reg u latory Condit ions 
Compared with Those in  the United States . U .S . 
Bu reau of M ines B 4 1 4, 1 939 ,  369 p .  
Th is report describes hydrau l ic, pneu matic, and  
mechan ical  backfi l l i ng ;  i t  a lso deals with many  as­
pects of Eu ropean m in ing  inc lud ing fi l l i ng problems 
and procedures . 
Keyword (s) : environ ment, m ine  operation ,  law, 
hydrau l ic backfi l l i ng ,  pneu matic backfi l l i ng ,  geologic 
featu res 
Location (s) : Un ited States, Europe 
Rice,  G .  S. G rou nd Movement and S u bsidence . 
Min ing and Meta l l u rgy, v .  2 1 ,  January, 1 940, p .  
8-9 . 
This article is a review of su bsidence 
investigations in 1 93 9 .  
Keyword (s) : backfi l l i ng  
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Richardson,  A. Mine Subsidence .  Jou rna l  Chemica l  
Meta l l u rgy & Min ing Society South Africa,  v .  7 ,  
March , 1 907, p .  279-288 . 
Location (s ) : South Africa 
Richert, G .  I .  F i l l i ng Stopes with M i l l  Ta i l i ngs .  
Eng ineering and Min ing  Journa l ,  v .  1 27 ,  1 929 ,  p .  
348; and U .S .  Bu reau of Mines IC  6 1 45 ,  1 92 9 .  
This report d iscusses increased effic iency and  
lowered cost involved us ing recycled m ine  waste as  
fi l l  in a Cuban  copper m ine .  
Keyword (s) : backf i l l in g ,  meta l m in i ng ,  m ine  
waste, mine operation , economics 
Location (s) : Cuba 
Richey, J .  E .  Su rface Effects of M in i ng  S u bsidence . 
Elements of Eng ineering G eology, Pitman ,  London,  
1 964, Ch . 1 2, 1 37 p .  
Keyword (s) : su rface subsidence damage 
Riddle,  J .  M.  Dea l ing With S u bsidence and  S MCRA .  
Min ing Engineering ,  December 1 980, v .  3 2 ,  n o .  1 2 , 
p. 1 702- 1 704 . 
The su bsidence permitting process involves 
just one part of the mass of Su rface M in ing  Control  
and Reclamation Act (S MCRA) regu lation s .  But of 
the 1 8  main SMCRA sections, su bsidence is critica l  
to the permitting process for coal operators . Per­
m itti ng is an area in wh ich appl icants have had 
problems interpreting regu l ations and preparing  
perm it appl ications .  S MCRA regu lat ions apply to 
any coa l  operations "that exh ibits surface effects . "  
Thus  they apply to surface strip m ines as wel l  as 
underground coa l operations .  Th is article discusses 
frequently asked questions in  an attempt to help  
ind ividua ls trying to interpret su bsidence regu l at ions 
or prepare permit app l ications .  
Keyword (s ) :  l aw, rec lamation , coal m in i ng ,  
subsurface water, surface water, surface structu ra l 
3 2 1 
damage,  l and-use plann ing ,  p i l l a r  strength,  roof 
stabi l ity, l and  mitigation 
Location (s) : Un ited States 
R ightnor, T. A . ,  J .  P. McHa le, C. H .  Joh nson , W. D .  
S h rader, M .  D .  Loy . Ana lysis o f  the  Impact of 
Pub l ic Law 95-87 on Min ing  Performance .  U . S .  
Department o f  En ergy Contract ET-77-C0- 1 -8 9 1 4, 
Ske l ly and  Loy, 1 979 ,  4 1 7 p .  ( NT IS  FE 89 1 4-3)  
Keyword (s) : l aw, mine operation , government, 
coal m in i ng ,  economics 
Location (s) : Un ited States 
R igsby, K.  B. M ine  Su bsidence at the Kath leen 
M ine .  I N :  Proceed ings,  l l l i no.is M in ing  I nstitute, 
Centen n ia l  Year, 1 992 ,  p. 53-5 9 .  
At t h e  Kath leen Mine,  coal i s  being mined by 
cavin g  methods at depths as  sha l low as 1 00 to 1 45 
feet . The amount of su bsidence and  the angle of 
d raw at th is  mine have been less than expected for 
th is  type of m in i ng .  A ra i l road spur and a power l i ne  
were a lso successfu l ly undermined . There a re fou r  
l imestone  members in t he  overburden that may  be 
creatin g  a b lockin g  effect, reduc ing the amount of 
su bsidence seen at the surface . 
Keyword {s) :  coal m in ing ,  pi l l a r  extraction , 
active mines,  ang le  of draw, overburden,  land 
m itigation ,  room-and-pi l l a r  
Location (s ) :  I l l i nois, I l l ino is Coa l  Bas in ,  Un ited 
States 
R i ley, F. S . ,  S .  N. Davis .  A Tiltmeter to Measure 
S u rface S u bsidence Around  a Pu mping Artesian 
Wel l .  Journa l  Geophysical  Research,  (abstract) ,  v .  
65 ,  1 960, p .  1 63 7 .  
Keyword (s) : fl u id extraction ,  mon itor ing 
equ ipment, subsurface water 
R i ley, F. S .  Land  Su rface Ti lt ing Near Wheeler 
R idge, Cal iforn i a . American Geophysical Un ion 
Transactions,  v .  49 , 1 968 ,  p. 664. 
Keyword (s) : fl u id extraction 
Location (s) : Ca l iforn ia ,  Un ited States 
R i ley, F. S .  Land-Su rface Ti lting  Near Wheeler 
R idge, Southern San Joaqu in  Val ley, Cal iforn ia .  
U .S .  Department of  the  I nterior, Geolog ical  Su rvey 
Professiona l  Paper 497-G , 1 970, p .  G 1 -G 2 9 .  
Keyword (s) : fl u id extraction 
Location (s) : Ca l iforn ia ,  Un ited States 
R i ley, F. S. Developments on Borehole 
Extensometry. I N :  Land Subsidence, Proceed ings 
3rd I nternationa l  Symposium,  Ven ice, I ta ly, March 
1 9-25, 1 984, A. I .  Joh nson ,  L. Carbogn i n ,  and  L .  
Ubertin i ,  eds . ,  I nternationa l  Association of 
Hydrological Sciences Publ ication No .  1 5 1 ,  
1 986, p .  1 69- 1 86 .  
Progressive development o f  t h e  deep-wel l  
extensometer over a period of  30 years faci l itated 
the evolution of fun damenta l  concepts a n d  pre­
dictive capabi l ity i n  stud ies of aqu ifer-system 
compaction and  land subsidence due  to flu id 
withdrawal .  
Keyword {s) : instru mentation,  mon itori n g  
equ ipment, f lu id extraction 
Location {s) : Un ited States 
R imant, A. Extraction of Shaft Pi l l a rs .  Freiberger 
Forsch ungshefte, A448, 1 968,  p. 1 5 7- 1 79 ( i n  
German ) .  
Keyword (s ) :  p i l l a r  extraction  
Location (s) : G ermany 
Robeck, K. E .  Potentia l  Land  Use  I mpacts of  Coal  
Production : 1 975-2000. Argon n e  Nationa l  
Laboratory, Ju ly, 1 980, 7 1  p .  (NTIS DE  82003264}  
Keyword (s ) :  l and-use p la n n i ng ,  env ironment,  
l and va lues,  coal m in i ng ,  econom ics 
Location (s} :  Un ited States 
Roberts, A.  Partia l  Extraction in Restricted 
Workings . Col l iery Eng ineeri ng ,  v. 24, n o .  2 84, 
1 947, p.  335-340 . 
The pr inciples of surface support i n  a reas where 
part ia l  extraction  of u nderlyin g  m i nerals is made a re 
discussed, and some exam ples from various coal­
f ields are described . A short discussion of recom­
mended p i l lar  d imensions and  the development of 
pressure arches is inc luded . 
Keyword (s) : p i l lar  strength , m ine  design ,  
overburden,  partia l  extraction , coal m i n i ng  
Roberts, A .  A .  A Problem of Strata Control i n  Bord 
and Pi l la r  Worki n g .  Col l iery G ua rd ian ,  v. 1 70,  n o .  
4404, 1 945, p .  663-668 . 
Keyword (s) : ground control ,  room-and-p i l la r  
Roberts, E . W.  A History of Land  S u bsidence a n d  
its Consequences Caused By the M i n i n g  of 
Anth racite Coal in Luzerne County, Pen nsylva n i a .  
Ph . D .  Thesis, New York Un ivers ity, 1 948, 230 p .  
Keyword (s) : h istorica l ,  anth racite, coa l m i n i n g  
Location (s) : Pen nsylvan ia ,  Appa lach ian  Coal 
Region , Un ited States 
3 2 2  
Roberts, J.  M . ,  A .  L .  M asu l lo ,  Jr .  Pneumatic Stow­
age Becomes Affordable . Repri nted from Coal  Age, 
1 986 ,  5 p .  
I n  recent years, the economics h ave changed 
a n d  the equ ipment and tech nology improved to the 
point where pneumatic stowin g  of materia l  u nder­
g round  may now m ake some money sense to coal 
operators . 
Keyword (s) : coa l  m i n i ng ,  backfi l l i ng ,  stowing ,  
pneumatic backfi l l i ng ,  economics 
Location (s) : Un ited States 
Roberts, J .  M . ,  F. W. Tobias, A. L .  Massu lo,  J .  A .  
Ho lbrook .  Remote Pneumatic Stowin g  i n  
Abandoned Room and  Pi l l a r  M i n es .  IN :  Proceedings 
8th  Ann ua l  Nationa l  Abandoned M ine  Lands 
Conference,  August 1 0- 1 5 , 1 986,  Bi l l i ngs, MT, p .  
1 1 1 - 1 39 .  
A review a n d  feasib i l ity study of the state-of­
the-art of remote pneumatic stowin g  for backfi l l i ng  
abandoned room-and-pi l l a r  m ines was completed . 
Tech n ical  specifications to permit implementation of 
a p roject were prepared, and  a subsurface inves­
tigation was also performed . The investigation 
i nclu ded the use of a borehole video camera . 
Keyword {s ) :  pneumatic backfi l l i ng ,  room-and­
p i l lar ,  abandoned m ines, stowin g  
Location {s) : Pen n sylvan ia ,  Appalach ian  Coal 
Region , Un ited States 
Robertson , T. M i n i n g  S u bsidence--The G eological  
Aspects and The i r  Relations  to Town Plan n ing  in 
County Du rh a m .  Col l iery G uard ian ,  v .  1 79 ,  n o .  
4634, 1 949, p .  575-5 7 8 .  
This paper discusses geological  aspects o f  town 
p la n n in g ,  with specia l  referen ce to l imestone solu­
t ion with f luctuati ng  water tables and  surface d is­
turba nce over u nderm ined a reas .  
Keyword (s ) :  l and-use pla n n i ng, su rface 
structu ra l damage,  hydrology, geologic features, 
subsurface water 
Location (s ) :  Eng land 
Robinson , G .  L . ,  J .  C .  Swa i n ,  R .  P .  Yantis ,  H .  W.  
Ray .  A Systems Approach to  Underground  Coal 
M i n i n g :  Phase I .  Problem Ana lysis and Research 
Recommendations .  Batte l le  Labs , Columbus,  O H ,  
J u n e  1 975 ,  293  p .  ( NTIS PB 249 054) 
Keyword (s) : m i ne  operation,  coal m in i ng ,  
subsidence research 
Location (s } :  Un ited States 
Robinson , K. E . ,  B .  Stimpson . Geotech n ical and 
G round Control Design Parameters for  a Proposed 
Sha l low Longwal l  Coal M ine .  I N :  G eotech n ical 
Research and its Appl ication to Canadian Resource 
Development, Preprint Volu me for 36th Canadian 
Geotechn ical Conference, June 22 ,  1 983,  
Vancouver, British Columbi a .  
T h e  Clover Bar coal seam h a s  been widely 
worked in the Edmonton area s ince the 1 9th 
century .  A proposal to expand production of one of 
the few cu rrently operating  mines in this seam,  by 
converting from a room-and-pi l lar  system to a 
longwal l  caving  operation requ i red an investigation 
of the geotechn ical properties of the strata, and an 
assessment of its behavior under a longwal l  system 
of m in ing .  The proposed mine wou ld remove coal 
rang ing in th ickness from 1 .0 to 3 . 5  meters, from a 
depth of on ly 20 to 25 meters . The depth of the 
proposed operation wou ld make the mine one of the 
sha l lowest longwal l  operations in  the world . 
Keyword (s} : coal m in ing ,  longwal l ,  room-and­
pi l lar, geotech nical , active m ines, mine design ,  rock 
mechan ics, in  situ testing ,  lab testing  
Location (s ) :  Canada 
Rockaway, J. D . ,  R. W. Stephenson . I nvestigation 
of the Effects of Weak Floor Condit ions on the 
Stabi l ity of Coal P i l lars .  I N :  Site Characterization ,  
Proceed ings 1 7th U .S .  Symposiu m  on Rock 
Mechan ics, Snowbird, UT, August 25-27,  1 976 ,  
W . S .  Brown , S . J .  G reen , and W .A .  Hustru l id ,  eds . ,  
Un ivers ity o f  Utah ,  Salt Lake City, p .  4A5- 1 
(abstract on ly} . 
This project stud ied the eng ineer ing properties 
of underclays to determine those factors which 
contribute to the ir  development or loss of strength . 
In addition , the process by wh ich floor fa i l u res 
occur  is  being investigated and the appl icabi l ity of 
bearing  capacity ana lysis to solvin g  floor stabi l i ty 
eva luated . The study inc ludes an evaluation of 
u nderclay properties from a l l  major coal f ields of th e 
Un ited States, a lthough the areas of extensive 
testing  have been concentrated in the mid-continent 
coal f ield in I nd iana,  I l l inois,  and western Kentu cky . 
Keyword (s} : floor stabi l ity, coal m in i ng ,  p i l lar  
strength 
Location (s ) :  I l l i nois, I nd iana,  Kentucky, I l l i nois 
Coal Basin ,  Un ited States 
Rockaway, J .  D . ,  R. W. Stephenson . I nvestigations 
of the Effect of Weak F loor Conditions on the 
Stabi l ity of Coa l  P i l lars .  US BM Contract No . 
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J0- 1 55 1 53 ,  J u ly, 1 979 ,  225 p. (NTIS PB 
8 1 - 1 8 1 1 09 )  
Keyword (s) :  floor stabi l ity, p i l lar  stren gth , coal 
m in i ng  
Location (s } :  Un ited States 
Rockaway, J .  D . ,  R .  W. Stephenson . I nvestigation 
of the Effects of Weak F loor Conditions on the 
Stabi l ity of Coal P i l lars .  F inal Report, June 27,  
1 97 5-December 3 1 ,  1 978 ,  U .S .  Bureau of  Mines 
O F R- 1 2-8 1 ,  J u ly 1 5 , 1 979 ,  227 p .  (NTIS PC 
A 1 1 /M F  A0 1 )  
Keyword (s} :  coal m in ing ,  floor stabi l ity, p i l lar  
strength 
Location (s) : Un ited States 
Rockaway, J .  D . ,  C. D. E l ifrits . I nvestigation of the 
Effects of M in i ng  Subsidence I :  The Vicin ity of 
Rend Lake Dam,  I l l i no is .  Report prepared for the 
U . S .  Army Corps of Eng ineers, St. Lou is,  MO, 
1 979 ,  5 1  p .  
Keyword (s) :  coal m in ing ,  surface water, su rface 
structu ral damage 
Location (s) : I l l ino is, I l l i nois Coal Basin,  Un ited 
States 
Rockaway, J .  D . ,  R .  W. Stephenson . Eva luation of 
the Effects of Weak Underclays on the Su pport of 
Coal P i l l a rs in I l l i nois Bas in  Mines .  I N :  Proceedings 
1 st Conference on the G round Control Problems in 
the I l l ino is  Coal Bas in ,  August 22-24, 1 979 ,  
Southern I l l inois Univers ity, Carbondale,  1 98 0, p .  
5 9-69 . 
Fa i l u re of the m ine floor supporting  coa l 
p i l lars frequently occu rs when the su bcoal strata 
inc lude "u nderclays 11 or other low strength strata . 
The fa i l u re process has been studied to define  
the response of  these materia ls to  appl ied coal 
p i l lar  loads and a lso to determine the appl icabi l ity 
of bearing  capacity ana lysis for eva luat ing u nsafe 
conditions .  The study has been accompl ish ed 
th rough  an investigation of both the intact and in 
situ geotech n ica l  properties of the subcoal strata , 
as wel l  as th rough  the instal lation of floor move­
ment mon itori n g  instrumentation . Resu lts ind icated 
that both the shear strength of the underclay and 
the stratigraphy of the subcoal strata must be 
considered in  the analys is .  
Keyword (s } :  floor stabi l ity, p i l lar  strength, room­
and-pi l lar, g round control,  coa l min ing,  
geotech n ica l ,  l ab  testing ,  in situ testing 
Location (s) : I l l i nois, I l l inois Coal Basin ,  Un ited 
States 
Rockaway, J .  D . ,  R .  W .  Stephenson . I nfl uence of 
Moistu re Content on the Beari ng Capacity of Coal 
Mine Floors . S M E-AI M E  Annua l  Meeting ,  Ch icago, 
I L, 1 98 1 . 
Keyword (s) : floor stabi l ity, coal m in ing  
Roenfeldt, M . A . ,  D .  V.  Holmqu ist. Ana lytical 
Methods of Subsidence Pred iction . I N :  Proceedings 
Conference on Coa l Mine Subsidence in  the Rocky 
Mou nta in  Region , Colorado S prin gs, October 28-30, 
1 985 ,  J . L. Hynes, ed . ,  Colorado G eological  S u rvey 
Special  Publ ication 3 1 ,  Department of Natu ra l 
Resou rces, Denver, 1 9 86,  p .  1 9 1 -209 . 
This paper summarizes the h istory of sub­
sidence prediction , cu rrent practices in subsidence 
eng ineering,  and recent developments of predictive 
subsidence models . The discussions inc lude 
ana lytical approaches for longwa l l  and room-and­
p i l lar  min ing tech n iques .  
Keyword (s) :  prediction ,  prediction theories, 
empirica l model, coa l m in ing ,  mode l ing ,  inf luence 
function,  Nationa l  Coal  Board, profi le function ,  
h istorica l ,  room-and-pi l lar, longwal l  
Location (s) :  Europe, Un ited K ingdom, Un ited 
States 
Rol l ,  R. J .  Effect of Subsidence on Wel l  F ie lds .  
Journal  of  American Water Works Association,  v .  
59 ,  no .  1 ,  1 967,  p .  80-8 8 .  
Keyword(s) : f lu id extraction,  subsurface water, 
hydrology, subsurface su bsidence damage 
Location (s } :  Un ited States 
Ropski, St . ,  R. D. Lama .  S u bsidence in the Near­
Vicin ity of a Longwa l l  Face . I nternationa l  Jou rnal  of 
Rock Mechan ics and Min ing  Sciences & 
Geomechan ics Abstracts , v .  1 0, 1 973,  p .  1 05- 1 1 8 . 
Keyword (s ) :  longwal l  
Roscoe, G .  H .  Saint Wi lfrid 1 s  Church ,  H ickleton : 
Min ing  Su bsidence and Remed ia l  Works . I N :  
Eng ineering Geology of Underground Movements, 
Geological Society Eng ineering  G eology S pecia l 
Publ ication No .  5, F . G .  Bel l ,  et a l . ,  eds . ,  1 98 8 ,  p .  
257-264. 
This paper describes the new fou ndation 
requ i red as part of the restoration of a c h u rch that 
had been badly damaged by min ing  subsidence . 
Damage is re lated to the geology and m in ing  h istory 
of the church s ite in order to determine  the right 
cou rse of remed ia l  action . The case h istory 
i l l ustrates the inf luence that grou nd  conditions at 
sha l low depth can have on the su rface effects of 
deep min ing . The ch urch has settled by more than 
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2 meters as a resu lt of coal m in ing activity . S u rface 
movements due to deep m in ing  were predicted by 
conventiona l  methods and are compared with the 
damage to the c h u rch . Most damage resu lted from 
the horizonta l  g round  movements caused by 
workin gs that were some d istance from the site, 
and  these movements were concentrated by 
fissures in the rock .  
Keyword (s} :  coa l  min ing,  fou ndations, surface 
structu ral damage, horizontal d isplacement, vertical 
d isp lacement, surface su bsidence damage, geologic 
featu res, mu ltip le-seam extraction ,  longwal l ,  room­
and-p i l lar, part ia l  extraction , structura l m itigation 
Location (s ) :  Un ited Kingdom 
Roscoe, M. S.  Longwal l  S u bsidence Over the 
Pittsburgh No. 8 Coa l on North American Coa l 
Corporation 1 s  Eastern Oh io  Properties . I N :  Longwa l l­
Shortwa l l  M in ing ,  State-of-the-Art, 1 98 1 ,  R .V .  
Raman i ,  ed. ,  S M E-AI M E, New York, p .  87-9 8 .  
I n  order t o  more accu rately predict longwal l  
su rface su bsidence over the Pittsburgh  No .  8 Coa l 
M ine  in eastern O h io, th is company undertook or 
participated in  several su bsidence stud ies . Due to 
the chang ing  roof geology and rapid variations in 
the amount of cover, two separate areas were in­
vestigated at two d ifferent mines to determ ine the 
subsidence response, if any, to these changes . Data 
generated were compared with data derived from 
the Nationa l  Coal Board for accuracy and then used 
to pred ict subsidence under houses, gas l ines ,  and 
other crit ical man-made structu res . 
Keyword (s ) :  longwal l ,  coa l m in ing, uti l ities, 
mon itoring  methods, ang le of draw, rock 
mechan ics, su rface structu ral damage, Nationa l  
Coal Board , prediction , geologic featu res, 
overbu rden 
Location (s} : O h io, Un ited States 
Ross, A. J .  M .  Sand F i l l i ng  at the Homestake Mine .  
Transactions, AI ME ,  v ,  1 4 1 ,  1 940, p .  1 46 .  
The author describes hydrau l ic fl ush ing  
techn iques used in the Homestake Gold Mine,  
South Dakota . 
Keyword (s) : metal m in ing ,  hydrau l ic backfi l l i ng  
Location (s} : South Dakota, Un ited States 
Rothwel l ,  R .  J . , H .  J .  Payne .  Longwall Coal M in ing 
Under S . M .C . R .A .  1 977--The Oh io Experience . I N :  
Proceedings 2nd Workshop o n  S u rface S u bsidence 
due to Underground  Min ing ,  Morgantown , WV, 
June  9- 1 1 ,  1 9 86,  S .S .  Peng ,  ed . ,  West Virg in ia  
Un ivers ity, p .  9- 1 2 . 
Underground m in ing  of coa l  by longwal l  m in ing  
methods has not been a predominant  tech n ique  in  
Oh io .  To date, on ly five mines in the state use th is  
method; however, the techn ique has sparked a 
certa in amount of controversy . As a m in i ng  tech­
n ique,  longwal l ing was introduced into southeastern 
Oh io in  the early 1 970s, but it did not attract pu b l ic 
attention unti l  the mines began moving  into 
privately held su rface lands .  This occu rred 
coincidenta l ly at about the same time that the 
State of Oh io began to regu l ate the environ mental  
impacts of underground m in i ng .  
Keyword (s) :  law, longwal l ,  government, 
subsu rface water, su rface water, coal  m in ing  
Location (s ) :  Oh io, Un ited States 
Rousset, G ., B. Bazargan-Sabet, R. Len a  in . Time­
Dependent Behavior of Rocks : Laboratory Tests on 
Hol low Cyl inder.  I N :  Rock Mechan ics as a G u ide to 
Efficient Uti l ization of Natu ra l Resou rces, Pro­
ceed ings 30th U .S . Symposiu m ,  1 9 89 ,  A .W.  Kha i r, 
ed . ,  Ba lkema, Rotterdam,  p .  385-39 1 .  
This paper presents laboratory experiments on 
ho l low cyl inder samples . The advantage of such a 
geometry is to approach in situ conditions around 
cyl indrica l  open ings,  especia l ly for borehole stab i l ity 
appl ications .  Time-dependent behavior has not been 
wel l  stud ied; for th is pu rpose, two different tests 
were set up on a deep c lay:  a qu ick u n loading  test, 
and a creep and rel axation test . The experimenta l  
resu lts were then compared with those g iven b y  a 
theoretical model developed in the laboratory . 
Keyword (s ) :  t ime factor, rock mechan ics, lab 
testing,  model ing ,  computer, geologic featu res 
Location (s ) :  France, Belg i um 
Royse, K. W .  Dayl ight ing of  an Abandoned 
Underground Mine. I N :  Proceed ings Nationa l  
Symposiu m  and Workshops on Abandoned Mine 
Land Reclamation, Bismarck, ND,  May 2 1 -22,  
1 984, L .L .  Sch loesser, et  a l . ,  eds . ,  North Dakota 
Pu bl ic Service Commission and the Un ivers ity of 
North Dakota , p. 277-293 . 
Severa l h u ndred voids created by su bsidence 
from past min ing  activity existed at th is s ite at the 
start of the project. The holes measured 30 to 40 
feet in  d iameter and 20 feet deep . The orig ina l  
mined level was known to  be  30 to  70 feet below 
the su rface, and dri l l i ng  sh owed the mine  to be 
a lmost completely flooded . Severa l tests were 
conducted before the reclamation method 
"dayl ighting11 (overexcavation and backfi l l )  was 
chosen,  inc lud ing dri l l i ng ,  drag l ine and  scraper 
tests, and dynamic consol idation tests . 
Keyword (s ) :  backfi l l i ng ,  rec lamation , surface 
. su bsidence damage, land m itigation , abandoned 
m ines,  coal  m in i ng  
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Location (s ) : North Dakota , Un ited States 
Rozier,  I .  T . ,  T. J .  R .  Godfrey . The Acqu is ition and 
Appl ication of Underg rou nd Mine Design Criteria 
Derived from a G eological  Exploration Program .  
Canad ian I nstitute of M in ing  and Meta l l u rgy 2nd 
District F ive Meeting ,  September 1 0- 1 3 , 1 985 ,  
H into n ,  Alberta , Paper/Presentation No .  1 2 , 1 8  p .  
To  investigate the  eng ineering geolog ical  
parameters that could impact on the potentia l  
u nderground m i n i n g  o f  a coal seam in Alberta , a 
geotech n ica l  data col lection program was integrated 
with overa l l  geolog ica l exploration . A combination 
of geologica l ,  geotech n ica l ,  and hydrolog ical  
parameters were identified that cou ld have a 
s ign ificant i mpact on the selection of preferentia l  
a reas for fu rther exploration , p lann ing,  and 
development of an  underground mine .  The jo int 
p rogra m  proved the feasib i l ity of deriv ing both 
geologica l  and  geotech n ica l  mine design criteria 
from cored exploration dr i l l holes without 
compromis ing the objectives of either program . 
Keyword (s ) :  geotechn ica l ,  active mines, coa l  
m in i ng ,  geologic featu res, hydrology 
Location (s) : Canada 
Rudenko, D. ,  J .  S .  Walker, A .  M.  Richardson , H.  D.  
Ackerma n ,  J .  W .  Rei l . P-Wave and S-Wave Velocity 
Measurements Related to S u bsidence Over a 
Longwa l l  M ine .  I N :  Society of Exploration 
G eophysics 59th I nternationa l  Meeting and 
Exposition , October 29-November 2 ,  1 989 ,  Dal las,  
Extended Abstracts, p .  363-367 . 
Th is paper is the resu lt of ongoing research to 
deve lop a mon itor ing system for detection of mine  
subsidence us ing geophysical  tech n iques .  The 
seismic tech n ique  was judged to be the most 
insensitive to h u man interference, and most d i rectly 
related to materi a l  properties of the rock overlying  
the m ines .  An active longwa l l  mine was used as a 
control s ite to re late changes in seismic properties 
with subsidence . The in itia l  phase of the project 
consisted of runn ing  seismic traverse l ines before, 
du ring ,  and after m in i ng .  The data showed sign ifi­
cant chan ges in the compressional  and shear wave 
velocities . These changes are related to induced 
changes in the stress reg ime, and fractu res in the 
rock due to subsidence . 
Keyword (s) : seismic, geophysical ,  longwal l ,  
coa l  m in i ng ,  overburden , mon itor ing methods, 
mon itoring equ ipment, mon itori ng design 
Location {s) :  Maryland ,  Appalach ian  Coal 
Region,  Un ited States 
Runkle, J .  R. Effects of Longwal l  M in i ng  on S u rface 
Soi l  Moistu re,-and Tree G rowth . I N :  Proceedings 
Th i rd Workshop on Surface Subsidence Due to 
Underground Min ing ,  June  1 -4, 1 992 ,  S . S .  Peng ,  
ed . ,  Morgantown , WV,  p .  1 73- 1 82 .  
Studies i n  eastern Oh io,  northern West Virg in i a ,  
and southwestern Pennsylvan ia  determined whether 
subsidence caused by longwal l  m in ing  inf luences 
soi l  moistu re and tree growth . So i l  moistu re was 
measured over new longwa l l  panels and a n  u n m ined 
control a rea throughout the growin g  seasons  of 
1 990, wh ich was a wet year when the panels were 
excavated, and 1 99 1 ,  a dry year .  No s ign ificant  
effects of  min ing  cou ld be detected . Tree growth 
was studied in two pairs of woodlots . D ifferen ces 
in tree growth between mined and u n m ined a reas 
were neither s ign ificant {for most species) n or 
consistent  in d i rection . The resu lts imply that if 
m in ing  does have impacts, they a re l i kely to be 
h igh ly s ite-specific and loca l ized, such as by 
d isru ptions of springs or soil s l ippage.  
Keyword (s) : so i ls ,  environ ment, longwal l ,  active 
mines, agricu ltu re,  subsurface water, hydrology 
Location {s) : Oh io, West Virg in i a ,  Pen nsylvan ia ,  
Appalach ian  Coal Region , Un ited States 
Russel l ,  J .  E. Strength of M ine  P i l lars .  I N :  Research 
& Eng ineering Appl ications in Rock Masses, 
Proceed ings 26th U . S .  Sympos ium on Rock 
Mechan ics, South Dakota School of M ines & 
Tech nology, Rapid City, June  26-28,  1 985 ,  E .  
Ashworth , ed . ,  Balkema ,  Rotterdam,  p .  7 03-704 
{abstract on ly) . 
Bien iawski { 1 984) notes th at the stren gth of 
mine p i l lars depends on th ree factors :  ( 1 )  the s i ze 
effect, whereby the stren gth of the materia l  is 
reduced; (2 )  the shape effect, general ly inc luded in 
the form of the width-to-height ratio; and (3) the 
effect of the properties of the pi l lar materi a l .  In th is  
paper,  the size effect is studied us ing an  e lastic­
plastic material model employing  the empi rica l  
stren gth criterion for rock masses pub l ished by 
Hoek and Brown ( 1 980) as the yie ld criterion . A 
conventiona l  fin ite-element code with Mohr­
Coulomb material model is used for the 
calcu lations .  
Keyword (s) : p i l lar  strength , m ine  des ign ,  rock 
mechan ics 
Russel l ,  0. R . ,  R. V .  Amato, T .  V .  Leshendok .  
Remote Sensing  and Mine Subsidence in 
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Pen n sylvan i a .  ASCE Transportation Eng ineering  
Journa l ,  v .  1 05 ,  n o .  2 ,  M arch ,  1 979 ,  p .  1 85- 1 98 .  
Keyword (s) : remote sens ing 
Location (s) : Pen nsylvan ia ,  Appalach ian  Coa l  
Reg ion ,  Un ited States 
Russnow, A. L . ,  W. W. Beck, J r . ,  G .  H. Emrich . 
Coa l  M i ne  S u bsidence and  M ine  Pools--Northern 
Anth racite Field, Pen nsylvan i a .  G eological  Society 
of America Abstracts with Programs, 1 975,  v. 7, p . 
1 33 1 - 1 33 2 .  
Keyword (s ) :  a nth racite, coal  m in ing  
Location (s ) :  Pen nsylvan i a ,  Appa lach ian Coal 
Reg ion ,  Un ited States 
Rutledge, J .  J .  Examples of S u bsidence in Two 
O klahoma Coal M ines .  Transactions, AI ME,  v. 69,  
1 923,  p .  406-433 . 
Th is paper d iscusses two subsidence events, 
i nc lud ing  structu ra l damage, geologic and mine 
features, and  surface evidence of  su bsidence . 
Keyword (s ) : coal m in i ng ,  surface structural 
damage, room-and-p i l lar  
Location (s) : Ok lahoma,  Un ited States 
Ryan ,  C .  R. High-Vol u me G routing to Control 
S i n kho le  S u bsidence . I N :  S i nkholes : Their  Geology, 
Eng in eeri ng  and  Environ mental  I mpact, Proceedi ngs 
1 st M u lt idiscip l inary Conference on S i nkh oles, 
O rlando,  October 1 5- 1 7 ,  1 984, B . F .  Beck, ed . ,  
Ba lkema, Rotterdam,  p .  4 1 3-4 1 7 .  
S i nkhole subsidence caused by underground  
m in i ng  activities and  n atura l  solution cavities is  a 
problem fou nd in many areas of the Un ited States . 
H igh-volume grouting  tech n iques h ave been used to 
correct the problem by fi l l i ng  the underground  voids 
on  many s ites, both as a preventative and as a 
remedia l  measure . Severa l case examples are 
presented , i nc lud ing  l imerock subsidence and  mine 
subsidence . 
Keyword (s) : g routing ,  backfi l l i ng ,  coal m in ing  
Location (s) : F lor ida, Pennsylvan ia ,  Alabama,  
Appa lach ian Coa l  Region , Un ited States 
Ryder, J .  A . ,  N .  C. Officer.  An E lastic Analysis of 
Strata Movements Observed in the Vicin ity of 
I nc l i ned Excavations .  South African I nstitute of 
M in i ng  and  Meta l l u rgy Journa l ,  v. 64, no .  6, 1 964, 
p. 2 1 9-244. 
Keyword (s) : model i ng ,  phenomenological  
model ,  e lastic model 
Location (s) : South Africa 
Rymer, T . ,  D .  Yeatts, R .  Boswel l ,  A .  Dona ldson . 
RYBAD Empirical  Field Model for Prediction of 
Maximum Land Subsidence Associated with 
Longwal l  Coal M in ing . I N :  Proceedings 7th 
I nternational  Conference on G round Contro l in 
M in ing ,  August 3-5,  . 1 98 8 ,  S . S .  Peng ,  ed . ,  Depart­
ment of Min ing  Eng ineering ,  West Virg in i a  
Univers ity, Morgantown , p .  1 74- 1 78 .  
Mathematical model ing  of m ine  subsidence 
measured at 2 1  locations in Pennsylvan i a  and  
northern West Virg in ia  a l lows for  the  refinement of 
cu rrent methods of predicting maxi m u m  land 
su bsidence associated with longwa l l  coa l  m in in g .  
Th is model predicts subsidence more accurately for 
a greater range of min ing and geological parameters 
through the recogn ition of the fol lowin g :  ( 1 )  sub­
sidence increases at a decreas ing rate (cu rvi l i near  
relationsh ip )  with greater overburden th ickness up 
to a crit ical va lue beyond which su bsidence de­
creases; (2)  subsidence is  stron gly inf luenced by 
the stratigraph ic proximity of strong  rocks to the 
coa l  (s ize of  potential  caving zone) ;  and  (3 )  sub­
sidence i ndex is related to overburden th ickness by 
a fami ly of curves, each for incremental variat ions 
in the effective percentage of stron g  rock in the 
overburden . 
Keyword (s) : empirica l model,  model i ng ,  
pred iction,  pred iction theories, coal m in ing,  
longwal l ,  mathematical mode l ,  geologic featu res,  
overbu rden 
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Location (s) : West Virg in ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Ryncarz , T. I nfl uence of Su rface Load on Formation 
of Su bsidence Trough In Light of Equation of Sto­
chastic Processes . Bu l leti n ,  Academie Polona ise des 
Sciences, Serie des Sciences Techn iques ,  v. 9, no .  
9 ,  1 96 1 ,  p .  535-540. 
Keyword (s) :  model ing,  empirical  model ,  
stochastic model  
Ryncarz, T .  Factors I nf luencing the Load on 
Longwal l  Su pport .  I N :  Proceedings 1 st Conference 
on G round  Control Problems in the I l l i nois Coal 
Bas in , August 2 2-24, 1 97 9 ,  Southern I l l inois 
Un iversity, Carbonda le, 1 980, p .  2 1 6-2 2 5 .  
I t  has  been found  through by tria l  and error that 
the requ i red load capacity is genera l ly g reater in 
coal  m ines in  the Un ited States than the one a p­
p l ied i n  European deep coal mines .  I n  th is paper, an  
attempt is made to  assess the  interaction between 
the powered supports and su rrou nding 
rocks and  the appropriate eva luation of requ i red 
su pport capacity for longwal l  m in in g .  
Keyword (s) : longwal l ,  coal m in ing  
Location (s) : Un ited States, Europe 
Sadykov, N .  M . ,  V .  Y. Setkov . Probabi l ity, 
Statistical I nd ices of Sudden Roof S u bsidences . 
Soviet M in ing  Science, v .  1 4, no .  2 ,  March , 1 97 8 ,  
p .  1 95-200 (Engl ish trans lation ) .  
Keyword (s) : roof stabi l ity 
Location (s) :  Soviet Un ion 
Safa i ,  N. M . ,  G .  F. Pinder. Numerical  Model of Land 
Subsidence Due to Pumpage from Fu l ly and Part ia l ly 
Penetrat ing Wel ls .  Water Resource Program Tech­
n ical Report No .  78-WR- 1 ,  Princeton Un iversity, 
1 97 7 .  
Keyword (s ) :  model ing ,  subsurface water, fl u id  
extraction 
Location (s ) :  Un ited States 
Safa i ,  N .  M . ,  G .  F .  P inder.  Vertica l and Horizontal 
Land Deformation Due to F lu id Withdrawal .  
I nternational  Journal  of Nu merica l a n d  Analytical 
Methods in Geomechan ics, v .  4, no. 2 ,  1 980, p .  
1 3 1 - 1 42 .  
A non- l inear d istribution of vertical d isplace­
ment versus aqu ifer depth is calcu lated in the 
case of a partia l ly penetrating wel l .  For a fu l ly 
penetrating  wel l ,  however, a l inear d istribution is 
observed.  The solution exh ibits a vertica l ly u n iform 
horizontal disp lacement in  the case of a fu l ly 
penetrating  wel l  and,  for a partia l ly penetrating  
wel l ,  the maximum horizontal d isplacement occu rs 
at the elevation of the well bottom .  
Keyword (s) :  vertical displacement, h orizontal 
d isplacement, subsurface water, hydrology, 
model i ng,  fin ite element, flu id extraction 
Location (s) :  Un ited States 
Salamon , M . D . G .  The I nf luence of Strata Movement 
and Control on Mining Development and Design . 
Ph . D . Thesis, Un iversity of Durham,  Eng land,  1 962 . 
Keyword(s) : mine des ign,  g round contro l  
Salamon , M . D . G .  Elastic Analysis of  Displacements 
and Stresses I nduced by the Min ing  of Seam or 
Reef Deposits . Jou rna l  of the South African 
I nstitute of Min ing  and Meta l l u rgy, Pt . 1 ,  v .  64, 
November 1 963, p .  1 28- 1 49;  Pt . 2 ,  v .  64, January 
1 964, p .  1 97-2 1 8 ; Pt . 3, v. 64, March 1 964, p .  
468-500; Pt . 4 ,  v .  6 5 ,  December 1 964, p .  
3 1 9-34 1 . 
The author d iscusses fu ndamenta l  pr inc ip les 
and basic solutions derived from ideal ized models, 
practica l methods of determin ing  subsidence 
parameters from a g iven min ing  geometry, 
appl ication of elastic theory, and protection of 
surface insta l lations by underground p i l l a rs .  
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Keyword (s ) :  phenomenological  model,  e lastic 
model ,  conti n u u m  mech an ics, model i ng ,  p i l lar  
strength , su rface structural damage, room-and-pi l lar  
Location (s) : South Africa 
Sa lamon , M . D . G . ,  K .  I .  O ravecz . Displacements and 
Stra ins  I nduced by Bord and Pi l lar  Min ing in South 
African Col l ieries . I N :  Proceedings 1 st I nternationa l  
Congress on Rock Mechan ics, Lisbon,  Portuga l ,  
1 966,  v .  2 ,  p .  2 27-232 .  
F ie ld experiments were performed in  order to 
establ ish the behavior of coa l measu re strata , in ­
c lud ing d isplacement patterns, when these strata 
are subjected to min ing  conditions .  The experiments 
were designed to obtain the d isp lacement pattern in 
the zone of expected compression and tension over 
p i l lars and bards, respectively . 
Keyword (s) : room-and-p i l lar,  overbu rden , coa l 
m in i ng ,  in situ test ing 
Location (s) : South Africa 
Sa lamon , M . D .G . A Method of Design ing  Bord and 
P i l lar  Workings .  Journa l  of  the South African 
I nstitute of M in ing  and Meta l l u rgy, v .  68, 
September, 1 967,  p.  68-78 . 
The author formu lates a procedure to determine 
m in i ng  d imension in bord-and-pi l lar  workings, us ing 
a p i l l a r  strength formu la devised statistica l ly from 
surveys of m ines in South Africa . Th is formu la  
assumes that  the entire weight of  the overbu rden 
is  carried by the p i l lars .  
Keyword (s) : room-and-p i l lar, p i l lar  strength , 
m ine  design ,  overbu rden 
Location (s) :  South Africa 
Sa lamon,  M . D . G . ,  A. M u n ro .  A Study of the 
Strength of Coal Pi l lars .  Journal  of the South 
African I nstitute of M in ing  and Meta l l u rgy, v .  68-2,  
September, 1 967,  p .  55-67 . 
This paper uses data obta ined from actua l  
su rveys of min ing condit ions to derive empirica l ly a 
coal p i l l a r  strength formu la .  
Keyword (s ) :  p i l lar  strength , coa l m in ing  
Location (s ) :  South Africa 
Sa lamon,  M . D . G .  Two-Dimensional  Treatment of 
Problems Aris ing from Min ing  Tabu lar  Deposits in  
I sotropic or Transversely I sotropic Grou n d .  Inter­
nationa l  Jou rna l  of Rock Mechan ics and M in ing  
Sciences & Geomechan ics Abstracts, v .  5 ,  1 968,  
p .  1 59- 1 85 .  
The  an a lysis i s  restricted to  geometries that do  
not a lter appreciably when moving  a long their lon g 
axes . It is postu lated that ( 1 )  the min ing  takes place 
in an inc l ined seam,  (2 )  the depths of the exca­
vations below surface a re effectively infi n ite, and 
(3)  a l l  th ree components of  d isp lacement are 
independent of the coord inate para l le l  with the long 
axis of the min ing layout .  Expressions for the 
displacement and stress components are g iven in  
terms of  a s ing le  complex potential  i n  both models . 
Keyword (s) :  rock mechan ics, metal m in ing ,  coal 
m in ing ,  model ing · 
Location (s) : South Africa 
Sa lamon, M . D . G . ,  K .  I .  Oravecz, D. R. Hardman . 
Rock Mechan ics Problems Associated with 
Longwal l  Tria ls in  South Africa . I N :  5th I nternationa l  
Strata Control Conference, London,  1 972 ,  Paper 
1 4, 8 p.  
Keyword (s) :  rock mechan ics, longwal l  
Location (s) :  South Africa 
Sa lamon,  M . D .G . Rock Mechan ics of Undergrou nd  
Excavations .  IN :  Advances in Rock Mechan ics, 
Proceedings 3rd Congress of I nternationa l  Society 
for Rock Mechan ics, Denver, 1 974, Nationa l  
Academy of Sciences, Wash ington , D . C . ,  1 (B ) ,  p .  
·95 1 - 1 09 9 .  
Keyword (s) :  rock mechan ics 
Salamon , M . D .G . Least-Squares Ana lysis of G round 
Displacement Observations .  I N :  La rge G round 
Movements and Structu res, Proceedings of 
I nternationa l  Conference, Un iversity of Wales 
I nstitute of Science and Technology, Card iff, 1 977 ,  
J .D .  Geddes, ed . ,  Joh n Wi ley & Sons ,  New York, 
1 978,  p. 30-59 .  
The creation of surface o r  u n dergrou nd 
excavations is a lways accompan ied by some 
deformation of the rock mass . Usua l ly, the most 
easi ly observed and the most mean ingfu l man ifes­
tation of th is deformation is  the disp lacement of 
points inside or on the surface of the rock mass . 
Observation of the d isplacement of the ground is · 
c losely akin to the work of land or mine surveyors . 
However, this s imi larity is not a l l-embracing . The 
traditiona l  a im of su rveyors is to determ ine the 
permanent location of points .  The pu rpose of the 
rock mechan ics f ie ld observer is to determ ine the 
change in the position of points and to fol low the 
progress of th is change by repeated observations 
at interva ls .  
Keyword (s) :  su rvey methods, su rvey data 
processing 
Salamon, M . D . G .  The Role of Linear Models in th e 
Estimation of Surface Grou nd  Movements I nduced 
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by M in i ng  Tabu lar  Deposits . I N :  Large G round 
Movements and  Structu res, Proceedings 
I nternationa l  Conference, University of Wales 
I n stitute of Science and Tech nology, Card iff, 1 977 ,  
J . D . G eddes, ed . ,  Joh n Wi ley & Sons, New York, 
1 97 8 ,  p. 1 87-208 . 
Th is  paper g ives a brief summary of the 
pri nciples i nvolved in treating  tabu lar  excavations as 
d isp lacement d isconti nu ities, the outl ines of which 
coincide with the p lan of the excavations .  More 
deta i ls  a re g iven on the appl ication of these 
pr inc ip les to the pred iction of d isp lacements at the 
ground  su rface and to the protection of structu res 
on the surface . 
Keyword (s) :  vertical d isplacement, horizontal 
d isp lacement, mine design ,  pred iction , model ing,  
su rface structural damage 
Location (s) : South Africa 
Sa lamon,  M . D .G . Linear  Models for Predicting  
S u rface Su bsidence . IN :  Rock Mechan ics for 
Resource Development, M in ing  and Civil 
Eng ineering ,  Proceedings 5th Congress of 
I nternationa l  Society for Rock Mechan ics, 
Melbourn e, Aus.tra l i a ,  1 983,  Ba lkema,. Rotterdam ,  
p .  E 1 07-E  1 1 4 .  
The notion of  a prel im inary screen ing of  models 
is  introduced us ing critical  measu res of surface 
movement.  Exact el astic media are then examined 
with attention focu sed on the modeli ng of stratif ied 
rock masses us ing an  equ ivalent mediu m .  The 
Monte Carlo tech n ique  is employed to estimate 
from the properties of individua l  layers, which are 
treated as independent random variables, the 
modu l i  of the equ iva lent transversely isotropic 
mass . Semi-empirica l  models are discussed and 
their  appl ication is i l l ustrated by an example .  
Keyword (s) : model ing ,  elastic model,  
phenomenological  model,  empirical model, 
prediction ,  Nation a l  Coal Board, pred iction theories 
Location (s) : Un ited Kingdom 
Sa lamon , M . D . G .  Subsidence Pred iction Using  a 
Laminated Lin ear  Model . I N :  Rock Mechan ics as a 
G u ide for Efficient Uti l ization of Natu ra l Resou rces, 
Proceedings 30th U . S .  Symposium,  1 989,  A .W.  
Kh a i r, ed . ,  Balkema,  Rotterdam,  p .  503-5 1 0. 
If a l l  stratifications are horizonta l ,  the 
computation of surface deformation induced by 
coal  m in i ng  involves the prediction of roof and floor 
convergence and then the transfer of the effects of 
th is  relative d isplacement to the surface through the 
use of th e appropriate influence fu nctions .  A lami­
nated model ,  in the form of a quasi-continu u m, 
provides a s imple means of computing  the approxi­
mate convergence d istribution and leads to the 
Gaussian d istribution as the influence fu nction . Th is 
paper presents a subtle but fu ndamental genera l iza­
t ion of the inf luence fu nction method . I t  is  postu ­
lated that the infl uence of a smal l  a rea of extraction 
is proportiona l  to the roof and f loor convergence 
and not to the th ickness extracted . This d ifference 
in  defin ition removes many conceptua l  d ifficu lties 
associated with the influence fu nction method . The 
surface d isturbances induced by the extraction of a 
para l le l  sided long panel are derived to demonstrate 
the uti l ity of the model . Formu las g iving  subsi ­
dence,  ti lt, horizontal d isplacement and stra in  a re 
g iven . 
Keyword (s ) : pred iction ,  model ing ,  coal m in i ng ,  
influence fu nction ,  vertica l d isplacement, horizontal  
d isplacement, el astic model , overburden 
Location {s ) :  Un ited States 
Salamon , M . D .G . Mechan ism of Caving  in Longwal l  
Coal  M in in g .  I N :  Rock Mechan ics Contribut ions and 
Chal lenges, W .A.  Hustru l id  and G .A .  Johnson, eds . ,  
Proceed ings of the 3 1 st U . S .  Rock Mechan ics 
Symposium,  June  1 8-20, 1 990, Golden , CO,  
Balkema, Rotterdam, p .  1 6 1 - 1 68 .  
Longwal l  extraction, i n  conjunction with caving ,  
is one  of  :the  most widely practiced u n derg rou nd 
coa l m in ing  methods . Caving and the subsequent 
reconsol idation of the caved rocks com bine  to form 
a mechan ism that is kernel  to the solution of 
several important problems . 
Keyword {s) : coa l m in ing ,  longwa l l ,  overbu rden 
Salamon , M . D . G .  Displacements and Stresses 
I nduced by Longwal l  M in ing  in  Coa l .  I N :  
Proceedings I nternational  Congress o n  Rock 
Mechan ics, Aachen , 1 99 1 , W. Wittke , ed . ,  v. 2 ,  p .  
1 1 99- 1 202 . 
A l inear  laminated model is employed , in 
conjunction with a non- l inear compaction charac­
teristic for the caved rocks, to describe the behavior 
of th e rock mass . The model of the rock mass is 
characterized by two parameters {Young  1s modu lus  
and an effective lamination th ickness),  the caved 
rubble by an effective "modu lus,"  and the coal 
seam by an elastic modu lus .  These four parameters 
are combined in the model to yield the goat com­
paction (convergence),  pressu re transmitted from 
the roof to the f loor, load transmitted from the 
panel to su rrounding ribsides, and subsidence of the 
surface . The convergence, pressu re, and su bsi­
dence distributions i l l ustrated appear to be rea l istic . 
Keyword {s) : model ing,  longwal l ,  coal m in ing  
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Sa lamon,  M . D .G .  Partia l  Extraction to Control 
S u rface S u bsidence Due to Coa l M in i ng .  I N :  Rock 
Mechan ics as a M u ltid isc ip l inary Science, Pro­
ceed ings 32nd U .S . Symposiu m,  The Un iversity of 
Ok lahoma,  Norman ,  Ju ly 1 0- 1 2 , 1 99 1 ,  J . -C . 1 
Roeg iers, ed . ,  Ba lkema,  Rotterdam,  p .  8 6 1 -870 . 
The longwal l  partia l  extraction (panel  and p i l lar) 
m in i ng  method has been u sed successfu l ly to 
control su bsidence in many countries . Extraction 
ratios up to 60% to 70% have been ach ieved . The 
fundamentals of the layout are examined us ing a 
s imple l inear laminated model of stratified coa l 
measures . Cases of a narrow panel ,  of an inf in ite 
tra i n  of panels,  and edge effects are stud ied . 
S u ggestions are made concern ing  underground 
geometry, pane l  centre d istances, and span to 
m i n im ise edge effects . 
Keyword (s} :  longwal l ,  part ia l  extraction ,  
mode l ing ,  coa l m in ing ,  m ine  design ,  vertical  
d isplacement, h orizonta l  d isplacement 
Sa lamon,  M . D . G . ,  G .  Yan g .  The Seam Element 
Method : Pred iction of Su bsidence Due to Coa l 
M in i ng .  I N :  Proceedings Th ird Workshop on Su rface 
S ubsidence Due to Underground Min ing ,  June  1 -4, 
1 992 ,  S . S .  Peng ,  ed . ,  Morgantown , WV, p. 47�55 .  
The  laminated model ,  i n  conjunction with the 
seam element method, is expected to be a powerfu l 
pred ictor of subsidence due  to coal m in in g .  The 
fu ndamenta l solut ions for the model are presented . 
N umerical  approaches to determine the roof-to-floor 
convergence and evaluation of ground movement 
are d iscussed . Numerical resu lts and comparisons 
with f ield observations are g iven to i l l ustrate the 
val id ity and the potential  of the model . 
Keyword (s) : p rediction , coal m in ing ,  model ing ,  
boundary element 
Sa las,  J.  A. J.  Two Su bsidence Cases in  S pai n .  I N :  
Proceedings I nternationa l  Society for Rock 
Mechan ics 4th I nternational  Congress, Montreux, v .  
3 ,  1 979 ,  p .  369-3 73 .  
Keyword {s) :  rock mechan ics 
Location (s ) :  S pain 
Sanda, A .  P . ,  S .  A .  Zaburunov.  I s  It  a Short 
Longwal l ,  or a Long  Shortwa l l ?  Coal ,  December, 
1 988 ,  p. 39-4 1 . 
The "go longwaW' maxim is being cha l lenged 
by a 25-year-old concept j ust now being proven to 
be commerc ia l ly viable and operationa l ly feasible . 
The shortwal l  mach ine was originated in the 1 960s, 
but one coal company in western Pen nsylvania cal ls 
it the solution to their problem . 
Keyword (s) :  coal m in i ng ,  shortwa l l ,  longwal l ,  
Nationa l  Coa l  Board 
Location (s) : Pen nsylvan i a ,  Appa lach ian  Coal 
Region ,  Un ited States 
Sanderson , S .  A. The Futu re of Lon gwal l  M in i ng  
Under S MCRA. An I ndustry Under S iege:  Some 
Facts About Subsidence, Seminar  sponsored by 
American M in i ng  Congress and  I l l i nois Coal 
Association ,  February 1 5- 1 6, 1 990, Mt .  Vernon , I L, 
1 2  p .  
Dur ing the past 2 years ,  t h e  coal i ndustry has  
faced many nationwide regu latory i n itiatives to  l im it 
or curta i l  fu l l -extraction u ndergrou n d  coal m i n i n g .  
The increasing  pol it ical scrutiny and  attention to 
longwa l l  m in i ng  is reflected in state legis lative 
measures to restrict longwa l l  m in i ng ,  cou rt 
decis ions, and  ru lemaking proposa ls . 
Keyword (� ) :  law, longwal l ,  coal m in i ng ,  
environment, surface structura l damage,  active 
mines 
Location (s ) :  Rocky Mou nta in  Coal Reg ion,  
I l l i nois Coa l  Basin ,  Appa lach ian Coa l  Reg ion , Un ited 
States 
Sandh u ,  R. S . ,  E. L. Wilson . F in ite-E lement Ana lysis 
of Land  S u bsidence . I N :  Land S u bsidence,  Proc­
eedings I n ternationa l  Symposiu m ,  September 
1 4- 1 8 , 1 969,  Tokyo, IAHS Pu bl ication 89, v. 2 ,  p .  
393-400. 
Keyword (s) :  f in ite e lement, model i ng  
Sandh u ,  R .  S .  Model i ng  Land  S u bsidence . I N :  
Eva luation and Prediction of Subsidence, Pro­
ceed ings I nternationa l  Conference,  S . K. Saxena ,  
ed . ,  Pensacola Beach , FL, January 1 5-20, 1 97 8 .  
ASCE, New York, 1 979,  p .  565-5 7 9 . 
The author selectively and briefly reviews the 
development of land subsidence models i n  this 
paper.  The purpose is to h igh l ight  doubts and to 
ra ise questions regard ing  the val id ity of some 
commonly accepted notion s .  F i rst, some theoreti ­
cal  models a re looked at and  certa in  differences 
of opin ion are noted in  setti ng  up constitutive rela­
tionships . Thereafter, some theoretical  as well  as 
nu merical schemes a re considered . An example is 
inc luded to i l l ustrate the possib i l ity of error i n h erent  
in  the use of  ad hoc s impl ification s .  
Keyword (s) : prediction ,  model i ng ,  mathematica l 
model, phenomenolog ical  model,  conti n u u m  
mecha n ics 
Sandia Nationa l  Laboratories . A Review of 
Subsidence Prediction Research Conducted at 
33 1 
Sand ia  Nationa l  Laboratories . SAND82-00 1 7 , 
Sand ia  Nationa l  Laboratories, Albuquerque,  NM,  
Apri l ,  1 982 ,  46 p .  
Keyword (s) :  pred iction ,  su bsidence research 
Location (s) : Un ited States 
SAN G O R M ,  I nternationa l  Society for Rock 
Mechanics, South African Nationa l  Grou p .  The 
Effect of Undergrou nd M in i ng  on Surface . 
Proceedin gs SANGORM Sympos ium,  October 2 1 ,  
1 986,  Sandton ,  South Africa . 
The proceedi ngs conta ins  1 8  papers related to 
the effects of u n derground m in i ng  on the surface .  
Keyword (s) : coal  m in i ng, meta l m in ing ,  non­
m eta l m i n i n g, rock mecha n ics, law, surface struc­
tura l  damage,  mon itorin g  methods, su rvey methods, 
room-and-pi l l a r, longwal l ,  inf luence fun ction , com­
puter, mode l i ng ,  empirical  model,  prediction , 
subsurface water, m ine  design 
Location (s ) :  South Africa 
San n ,  B .  'Cons iderations on Preca lcu lati ng  G round  
Su bsidences Due to  Coal M i n i ng .  Bergbau­
Rundscha u ,  1 949, p .  1 63- 1 68 ( i n  German ) .  
Keyword {s ) : p rediction ,  coal m in i ng ,  mode l ing ,  
empi rica l  model ,  inf luence fun ction 
Santy, W. P . ,  W. F. Eichfeld, R. J. McKelvey . 
Methods of Characterization of Subsidence Due to 
Lon gwa l l  M in i ng  in the I l l i nois Coal Basi n . I N :  
Proceedings  1 st Conference o n  G round Control 
Problems in the I l l inois Coal Basin ,  August 2 2-24, 
1 97 9 ,  Southern I l l i nois Un iversity, Carbondale,  
1 980, p .  247-259 . 
Th is  paper describes the mon itori ng  systems 
conducted in  conj u n ction with the rock mecha n ics 
study u n dertaken with the longwal l  demonstration 
project at O ld  Ben No . 24 Mine from 1 975 to 1 97 9 .  
Two subsidence mon itorin g  systems were employed 
for mon itorin g  subsidence . The reasons for us ing 
two systems were to show the feasib i l ity of  us ing a 
concentrated system for characteri z ing  su bsidence 
and  to compare the resu lts obta ined from more 
traditiona l  mon itori ng techn iques . 
Keyword (s ) :  coal m in i ng ,  longwal l ,  mon itorin g  
methods, mon itor ing equ ipment, mon itori n g  design ,  
su rvey equ ipment, su rvey methods, vertica l 
d isp lacement, horizontal d isplacement 
Location (s ) :  I l l i nois, I l l i nois Coal Basi n ,  Un ited 
States 
Sargand ,  S .  M . ,  G .  A. Hazen . H ighway Damage 
Due to Su bsidence . I N :  Mine I nduced Subsidence:  
Effects on Eng ineered Structures, Proceed ings of 
the Sympos ium,  Nashvi l le,  TN, May 1 1 , 1 98 8 ,  
ASCE Geotechn ical Special  Publ ication No .  1 9 , 
1 988,  p .  1 8-3 1 . 
I n  th is study, subsidence profi les were obta ined 
over th ree longwa l l  panels that were mined beneath 
state h ighways in  southeastern Oh io .  I mmediate 
and short-term su bsidences were recorded . A video 
camera probe was lowered into two core ho les 
before and after longwal l  m in ing  took p lace, and 
visua l  inspections were performed to  examine  the  
natu re of  cracking . A laboratory investigation was 
con ducted to determine the strength and e last ic 
properties of rock strata above the m ine .  
Keyword (s ) :  longwal l ,  coa l m in ing ,  roads, 
su rvey methods, lab testing ,  rock mechan ics, p rof i le 
fu nction ,  horizonta l  d isplacement, pred iction , 
structural mitigation 
Location (s) : Oh io, Un ited States 
Saric,  J. A. The Hydrogeological  Effects of 
Abandoned Underground Coal Mines,  Muddy, 
I l l ino is .  M . S .  Thesis, Northern I l l i nois Un iversity, De 
Kalb, May, 1 987 ,  1 06 p .  
The long-term hydrogeologic effects of 
u nderground min ing  and mine-induced fracturin g  
a n d  su bsidence were stud ied a t  t h e  town of 
Muddy, I l l i nois,  which is under la in by two aban­
doned mines .  The Pennsylvan ian  rocks i nclude 
severa l minor sandstone aqu ifers and are overla in  
by g lacia l  lake deposits, some water-bearin g .  The 
Cottage G rove Fau lt separates the mines .  It is  
genera l ly thought that the strata fractu rin g  associ­
ated with subsidence can increase permeabi l ity 
and create interaqu ifer connections .  I n  th is study, 
su bsidence featu res were located and water leve ls 
in wel ls  were measured in  1 985  and 1 98 6 .  Al­
though the water table, l i ke the topography,  is  
a lmost flat, the bedrock p iezometric surface shows 
anoma l ies due to the mine .  Possibly, mine-induced 
fractu res connected aqu ifers and a l lowed grou nd­
water to enter the mine condu it .  However, trans­
missivities estimated from pumping tests showed 
no relation to subsidence featu res . It  is suggested 
that the mine is absorb ing the reg iona l  u pward 
d ischarge of groundwater, creatin g  a depression in  
the piezometric surface . M ixing zones between 
g lacia l  and bedrock aqu ifers were seen to occur  as 
leakage occu rred through mine- induced fractu res 
and th rough leaky well cas ings . Water samples 
were ana lyzed for major ions; ind i rect evidence was 
found for the upwel l i ng  of min era l ized water.  
Mixing is shown to occur between g lac ia l  and 
bedrock wells in  relation to mine- induced fracturi ng  
and su bsidence. 
3 3 2  
Keyword(s) : subsurface water, coal m in ing ,  
abandoned mines, hydrology, overburden , geologic 
featu res,  inf low 
Location (s) : I l l i no is, I l l i nois Coal Basin ,  Un ited 
States 
Sau  ck, W. A. G eophysical  Studies Near Subsidence 
Fissures i n  Central Arizon a .  Transactions American 
G eophysical  Un ion ,  EOS , v. 5 6, 1 975,  p. 9 84-985 .  
Keyword (s ) :  fl u id extraction ,  geophysical 
Location (s) : Arizona,  Un ited States 
Sauer, A. Die E inf luesse Von Du rchbauu ngsgrad, 
Abbau konzentration Und Abbaugeschwind igkeit Auf 
Die Vorausberechnung  ( I nf luence of Previous 
Workings,  Concentration ,  and Advance Rate of 
M in i ng  Exploitation on the Preca lcu lation of G round 
Deformations) . G l u eckauf- Forschu ngshefte, v .  36,  
no .  1 ,  February 1 975 ,  p .  1 6-26 .  
Keyword (s ) :  prediction , mu ltip le-seam 
extraction 
Sau l ,  H .  The Working of  Coa l  Seams in C lose 
Proximity . Transactions I nstitute of M in ing  
Eng ineers ,  v .  1 1 3 ,  no .  1 08 9 ,  Apri l ,  1 954.  
Keyword (s ) :  backfi l l i ng ,  mu lt ip le-seam 
extraction , coal m in i ng  
Saustowicz , A .  New Conceptions as to  the 
Phenomena of Stress and Stra in in  Rocks Around 
Min ing Excavations .  I N :  Proceed ings I nternational  
Strata Control Congress, Leipz ig,  October 1 4- 1 6, 
1 958 ,  p .  1 ., 1 3  and I l l - IV .  
One  of  the  fi rst problems studied was the  deter­
mination of the magn itude of pressure effected by 
rocks on supports in roads and tunnels .  The subject 
of th is paper is the ro le p layed by time in strata 
control phenomena .  
Keyword (s ) :  g round  contro l ,  time factor, rock 
mechan ics, model i ng ,  lab test ing 
Location (s) : Po land 
Savage, W .  Z .  Prediction of Vertical  Displacements 
in a S u bs id ing Elastic Layer--A Model for 
S u bsidence in Karst Terra ins .  U .S . Geological  
S u rvey O FR 79- 1 094, 1 979 ,  1 3  p.  
This paper deta i ls  a model in  which a subs id ing 
region is  modeled as an inf in itely long elastic layer 
rest ing on a rigid base and deforming under its own 
weight into an open ing at its lower edge . An ap­
proximate solution for vertica l displacements on the 
ground su rface and over the open ing is fou nd for 
the case when the layer .th ickness is much greater 
than the wid.th of the open ing . 
Keyword (s ) :  model ing ,  vertical  d isplacement, 
geolog ic featu res 
Location (s) :  Un ited States 
Savage, W. Z. Prediction of Vertical  Displacements 
in a Subsid ing Elastic Layer .  Geophysical  Research 
Letters, v.  8 ,  no. 3 ,  1 98 1 ,  p .  1 95- 1 98 .  
The author quantitatively d iscusses a method 
of model ing su bsidence over an  u nderg round cavity .  
The  subsid ing reg ion i s  assu med to  be  an  inf in itely 
long elastic layer that rests on; a r ig id base and 
deforms under its own weight into an  open ing  
under  its lower surface . An approximate ana lytic 
solution based on Fourier transform methods is 
found for vertical  d isplacements of the g round 
surface and the  roof of  the open ing  when the  layer 
thickness is much g reater than  the width of the 
open i ng .  
Keyword(s ) :  vertica l d isplacement, model ing ,  
geologic featu res, geophysical  
Savkov, L .  V .  G round Movement I nduced by O pen 
Cut and Underground Min ing .  Soviet M in ing  
Science, v .  2 ,  no .  6, November/December 1 966,  p .  
557-583 . 
Keyword (s) :  su rface su bsidence damage 
Location (s) :  Soviet Union 
Saxena,  N.  C. ,  S .  Samanta , K.  P .  M u kherjee, B .  
S ingh . Strata Control Investigations at Caved 
Longwal l  Faces with Specia l  Reference to the Faces 
of Moonid ih Project . Journa l  of M ines, Meta ls,  and  
Fuels, March , 1 978 ,  p .  1 09 - 1 30.  
Keyword(s) : g round control ,  longwal l ,  roof 
stabi l ity 
Location (s) : I nd ia  
Saxena, N .  C . ,  B.  S ingh . Investigations into the 
Safety of the Rai lway Line Against G round 
Movement Due to  Extraction of  Two Th ick Seams 
in  I nd i a .  I N :  Rock Mechan ics:  A State of the Art, 
Proceedings 2 1 st U . S .  Rock Mechan ics 
Sympos ium,  Un iversity of M issou ri at Rol la ,  May 
28-30, 1 980, D .A .  S u mmers, ed . ,  p .  345-3 5 5 .  
A ra i lway l i n e  was su bsided 385  mm,  without 
affect ing its normal operations .  
Keyword (s ) :  ra i l roads, coal m in ing ,  mu ltiple­
seam extraction 
Location (s) :  I nd ia  
Saxena,  N .  C . ,  B .  S ingh . S u bsidence Behaviour  of 
Coal Measu res Above Bord and Pi l l a r  Workings .  I N :  
Strata Mechan ics, Proceedings of the Sympos ium,  
333 
University of Newcastle-upon-Tyne, Apri l ,  1 9 82 ,  
l .W .  Farmer, ed . ,  E lsevier, New York. 
The ang le  of d raw in I nd ian coa lfields is pos itive 
and  varies between 4 and 3 1  degrees . The non­
effective width varies between 0.3 and 1 .0  t imes 
the depth . It has not been possib le to establ ish 
genera l relationsh ips i n  the proportion of sandstone 
from 64% to 95% in  the Coal Measu res Succes­
s ion ,  and  its natu re, is a contributing factor in the 
variation of subsidence behaviour .  Safe l imits of 
su rface slope and  stra ins  for various categories of 
su rface featu res and  structu res a re proposed . 
Keyword (s ) :  prediction , surface su bsidence 
damage,  m ine  design ,  mu ltip le-seam extraction , 
room-and-p i l lar ,  longwal l ,  su rface structural 
damage,  su rface water, coal m in ing ,  overbu rden , 
inflow 
Location (s) :  I nd ia  
Saxena ,  N . .  C . ,  B .  S ingh . Su bsidence Research in 
I nd ia . I N :  Land S u bsidence, Proceed ings 3rd 
I nternationa l  Symposium,  Ven ice, Ita ly, March 
1 9-25,  1 984, A . I .  Johnson, L.  Carbogn in ,  and L.  
Uberti n i ,  eds . ,  IAHS Publ ication No.  1 5 1 ,  1 986,  p.  
6 6 1 -66 7 .  
D u e  to lack o f  knowledge o f  su bsidence 
behavior of I nd ian Coal Measures, seams 
underneath surface properties have mostly 
rema ined u nexploited . Recent research has made it 
possible to partia l ly develop su bsidence indices and 
a lso to extract more than  6 mi l l ion  tons of  coal 
u n derneath surface properties . 
Keyword (s) :  coal m in i ng ,  geolog ic featu res , 
hydrau l ic backfi l l i ng ,  pneu matic backfi l l i ng , . room­
and-p i l l a r, su rface structu ra l damage, roads, 
ra i l roads, su bsidence research , ang le of draw, 
su rface water 
Location (s) : I ndia 
S axena ,  N.  C . ,  B .  S ingh . Su bsidence in  I nd ian 
Coalfie lds . I N :  Proceedings 7th I nternationa l  
Conference on G round Control in Min ing,  August 
3-5,  1 98 8 ,  S .S .  Peng ,  ed . ,  Morgantown , WV, p .  
344-350.  
S u bsidence investigations in I n d ian coalfields 
h ave led to development of relationsh ips between 
subsidence movement parameters and defin ing  safe 
l im its of su bsidence movements for su rface proper­
ties .  The maximum subsidence over caved workings 
was genera l ly n ot more than 60% of extraction 
th ickness u ndergrou nd . In the case of hydrau l ically 
stowed sand stowed workings, it was genera l ly not 
more than  5 % .  The relationsh ips have been usefu l 
in extraction of more than 7 m i l l ion ton s of coal 
from underneath and  in the vicin ity of su rface 
properties . 
Keyword {s) : coal m in ing ,  hydra u l ic backfi l l i ng ,  
su rface structura l damage, room-and-pi l lar, 
longwal l ,  active mines, ra i l roads, geologic features 
Location {s) : I nd ia 
Saxena,  N.  C. ,  B .  S ingh . Extraction  of Coal Seams 
Underneath a Main Rai lway Line at Sudamdih  in 
Jharia Coalfield . I N :  Proceed ings,  I nternationa l  
Symposiu m  on Underground Eng ineering ,  New 
Delh i ,  I nd ia ,  Apri l 1 4- 1 7 , 1 988 ,  B. S ingh ,  ed . ,  
Balkema, Rotterdam,  p .  389-393 . 
About 3 mi l l ion tons of coking coal  h ave been 
extracted from th ree th ick coal seams by ascend ing  
s l ic ing with hydrau l ic sand stowing  at depths 
rang ing from 35 to 400 meters u nderneath and  in  
the vicin ity of  a main rai lway l i ne .  The ra i lway l ine  
has been made to gradua l ly subside by a maxi m u m  
o f  62 1 .8 m m .  The ra i lway tracks have a lso been 
subjected to a maximum stra in of 3 m m/m, which 
was taken as the safe l im it for  jo inted construction 
rai lway l ines .  It  has not been necessary to adjust 
the rai lway track or stop its operation so fa r .  
Keyword {s) : hydrau l ic backfi l l i ng ,  horizonta l  
d isplacement, longwa l l ,  coa l  m in ing ,  ra i l roads,  
mu ltip le-seam extraction 
Location {s ) :  I nd ia 
Saxena,  S.  K. A Review of the Methods Used in  
I nvestigation of  Subsidence . I N :  Eva luation and  
Pred iction of  Subsidence, Proceed ings I nternationa l  
Conference, Pensacola Beach , F L, J a n u a ry 1 5-20, 
1 978 ,  S . K. Saxen a,  ed . ,  ASCE,  New York, 1 979 ,  
p .  2 1 4-244.  
Th is  paper concentrates on examin i ng  the 
avai lab le methods for eva luatin g  subsidence due  
to  flu id flow. The  problem of  fl u id  f low th rough  a 
geologic media is a hydrogeomech an ical  problem 
and the solutions are based on the conservation 
principle of classical physics . 
Keyword {s) : f lu id extraction ,  o i l  extraction ,  
model ing 
Saxena,  S .  K. A Review of the Theories Used in  
I nvestigation of  Subsidence . I nd ian Geotech n ica l  
Journa l ,  Delh i ,  v .  1 1 , no .  1 ,  1 98 1 ,  p .  75-9 1 . 
Keyword {s) : pred iction theories 
Location {s) : I ndia 
Saxena,  S. K . ,  ed . Eva luation and Pred ict ion of 
Subsidence. Proceedings I nternationa l  Conference,  
Pensacola Beach , FL, January 1 5-20, 1 978 ,  
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American Society of Civil Eng ineers ,  New York, 
1 979 ,  594 p .  
S u bsidence d u e  to withdrawa l of g round f lu ids 
has  been observed in  Venezuela,  Tha i land,  Mexico, 
I ta ly, Netherlands, and severa l states in the Un ited 
States . I n  the last decade, there has been a s ign ifi­
cant development in theory and eva luation of meth­
ods to predict subsidence . This conference brought 
together experts in g roundwater hydrology, geo­
technology, and geologists from various parts of 
the world . The eva luation of su bsidence is a geo­
mechan ical  problem a nd requ i res a synthesis of 
knowledge  from many fie lds . 
Keyword {s ) :  pred iction ,  engineering ,  model ing , 
fl u id  extraction ,  coal  m in ing ,  surface structu ra l 
damage 
Schaffer, J .  F .  Roof Fa l l  Pred iction at an  I l l ino is 
Underground Mine.  I N :  Proceed ings 2nd Conference 
on G round  Control Problems in the I l l i nois Coal 
Bas in ,  May 1 985 ,  Y. P .  Chugh ,  ed . ,  Southern I l l inois 
Un iversity, Carbonda le,  p. 55-63 . 
Roof fa l l  pred iction in coal m ines is compl icated 
by the many interacting geological  factors con­
tr ibuting  to the occu rrence of a fa l l . Empirical  
methods a re typica l ly best su ited to ch aracterize 
the nature of condit ions that resu lt in roof fa l ls  at a 
g iven m ine .  I n  th is m ine  i n  the S pringfield seam,  
c l ay  d ikes a re the  primary cause of  roof fa l l s .  
Col lection  and  ana lysis of  pertinent geological data 
from 9 6  fa l ls led to the development of the "Roof 
Fa i l u re Rating  System 11 for predicting  the occu r­
rence of roof fa l ls  with a reasonable degree of 
accuracy . 
Keyword {s ) :  roof stab i l ity, coal m in ing ,  partia l  
extraction ,  mine safety, geologic featu res 
Location {s ) : I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Scha l ler, S .  Stab i l ity of Cha in  Pi l l a rs and G ate 
Roads at South Bu l l i  'B '  M ine  Longwal ls .  
Austra l ian  Coa l  I ndustry Research Labs . ,  Ltd . ,  North 
Ryde, Austra l i a ,  October 1 983,  80 p .  
Keyword {s ) :  p i l l a r  strength , longwal l ,  coal 
m in i ng  
Location {s) : Austra l ia  
Sch i l i zz i ,  P . ,  M.  Karmis,  A .  Jarosz . Development of 
S u bsidence Pred iction Technology from an 
Extens ive Mon itori ng  Progra m .  I N :  Proceed ings 2nd 
Workshop on Su rface Su bsidence due to Under­
ground  Min ing ,  Morgantown,  WV, June  9- 1 1 ,  
1 986,  S .S .  Peng,  ed . ,  West Virg in ia Un ivers ity, p .  
3 1 -43 . 
A deta i led subsidence and stra in mon itorin g  
program was in itiated above a n u mber of active 
mines,  located in th ree major coa l-produc ing 
cou nties of  Virg in ia . The a im of  th is  program was to 
en hance the database with accu rate and complete 
measu rements of surface movements and to a l low, 
therefore, the eva luation and refinement of 
prediction techn iques .  
Keyword (s) : empirical  model ,  prediction 
theories, prediction ,  horizonta l d isplacement, coal 
m in ing ,  law, government, profi le function,  i nfl uence 
function, mon itoring  methods, survey equ ipment, 
su rvey methods 
Location (s) : Virg in ia ,  Appalach ian Coal Region , 
Un ited States 
Schmechel ,  F. W . ,  W. F. Eichfe ld,  W .  P. Santy .  
Automated Data Acqu isition for S u bsidence 
Characterization . Presented at S M E-AI ME Fal l  
Meeting ,  New Orleans,  LA, February 1 8-22,  1 979 ,  
S M E-AI M E  preprint 79- 1 32,  1 2  p .  
This paper reviews t h e  design a n d  insta l lation 
of an automatic data-acqu isition system over a coal 
mine in I l l i nois to mon itor and record ground 
deformations associated with underground  m in ing  
operation s .  
Keyword (s) : mon itor ing desig n ,  mon itori ng  
insta l lation,  monitoring equ ipment, su rvey 
equ ipment, computer, coal m in ing  
Location (s) : I l l i nois, I l l inois Coa l  Bas in ,  Un ited 
States 
Schmidt, B. Settlements and G round Movements 
Associated with Tu nnel l i ng  in  Soi l .  Ph . D .  Thesis, 
1 9 69,  University of I l l i nois,  Urbana-Champa ign . 
Keyword (s) : soi ls, tu nne l l ing 
Schmidt, B .  State of Predictive Art in  Subsidence 
Eng ineering . Discussion ASCE Journa l  So i l  
Mechan ics & Fou ndations Division ,  v .  9 6 ,  no.  S M 5 ,  
1 9 70,  p .  1 84 1 - 1 843 . 
Keyword (s) : prediction , soi l  mechan ics 
Schmidt, B. Pred iction of Settlements Due to 
Tun nel ing in Soi l :  Th ree Case H istories. I N :  
Proceedings Rapid Excavation a n d  Tu nne l ing 
Conference, v .  2 ,  1 974, p .  1 1 79- 1 1 9 9 .  
Keyword (s) : prediction,  tun ne l l ing 
Schmidt, R .  D .  Fracture Zone Dewatering to Control 
Ground Water I nflow in Underground Coal Mines .  
U .S .  Bureau of  Mines R I  8 98 1 ,  1 985 ,  84 p .  
Th is  investigation focuses on the identification 
and control of grou ndwater inflow problems that 
3 3 5  
occu r in  the active sections of un derground 
Appa lach ian  coal mines . A fractu re inflow survey of 
e ight u n derground mines was conducted .  Th ree 
types of m ine  fracture intercepts typical  of wet 
section m in ing  condit ions were identified . A mine in 
Preston Cou nty, West Virg in ia ,  was selected as the 
site for a fractu re zone dewatering  experiment. This 
investigation i nd icates that fractu re zones a re 
responsib le for the sudden release of stored ground­
water, wh ich often occu rs as min ing  sections 
advance beneath fracture val ley topography . I t  is  
concluded,  therefore, that dewatering operations 
designed to intercept the component of ground­
water stored in  fractu re zones wi l l  be  most 
effective in contro l l i ng  infi ltration to active mine 
section s .  
Keyword (s) : subsurface water, coal m in ing ,  
geologic features, hydrology, inflow 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Schmidt, R. D . ,  W. F. Ebaugh . Some Considerat_ions Regard ing  the Steady-State Response of Sha l low 
Aqu ifers to Underground Min ing . I N :  Proceedings, 
Sympos ium on Su rface Min ing ,  Hydrology, 
Sed imentology, and Reclamation , Un ivers ity of 
Lexington ,  KY, December 9- 1 3 , 1 985,  p. 1 -7 .  
The effect of u ndergrou nd room-and-pi l lar  mine 
development (fi rst min ing  on ly) on sha l low ground 
water aqu ifers is  often d ifficu lt to  pred ict .  A hydro­
geologic context that includes not only the under­
ly ing m ine  void,  but a lso mu ltiple aqu ifer-aqu itard 
layers, and  zones of rock fractu ring is important to 
un derstand ing  the hydrologic effects of under­
ground  m in i ng  in eastern coal reg ions .  Nested 
piezometers were insta l led at various depths above 
a m ine  void in western Pennsylvan ia . Piezometer 
measurements ind icate a downward gradient in  
head in  the rock u n it� overlying the mine th at is  
h ig h ly variable, depend ing on piezometer depth in 
relation to fractu res and sha le aqu itard layers . 
Keyword (s) : coal m in ing ,  room-and-pi l lar ,  
hydrology, subsurface water, overburden , 
mon itorin g  methods 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion ,  Un ited States 
Sch m idt, R. D. Factors Affecting Residentia l  Water 
Wel l  Yield in the Vicin ity of Room and Pi l l a r  M ines .  
I N :  Proceedings Th i rd Workshop o n  Surface 
Su bsidence Due to Underground Min ing ,  June  
1 -4, 1 992 ,  S .'S . Peng ,  ed . ,  Morgantown, WV, p .  
244-25 2 .  
The US BM is conducting an investigation to 
develop remediation techn iques for residentia l  
water wells whose yield has been affected in  the 
long term by underground min ing .  I n it ia l  work 
related to th is project was conducted from 1 984 
to 1 987  at  a room-and-pi l lar  mine in  I nd iana 
Cou nty in  Pennsylvan ia . 
Keyword (s) :  hydrology, subsurface water, 
room-and-pi l lar, coa l m in ing ,  longwal l ,  m itigation,  
geologic featu res 
Location (s) : Pennsylvan ia ,  Appalach ian  Coal  
Reg ion,  Un ited States 
Schonfeldt, H .  V . ,  F .  D. Wright, K. F .  Unru g .  S ub­
sidence and its Effect on Longwal l  M ine  Design . 
Session papers American Min ing  Congress, St .  
Lou is, MO, May 20-23, 1 979 ,  v .  6 ,  1 2  p .  (NTIS 
Accession No . 80-06 1 26)  
Keyword (s) :  longwal l ,  m ine design ,  geolog ic 
features 
Location (s} : Un ited States 
Schoenbeck, J .  B. Land Subsidence as a Resu lt 
of Natu ra l Gas Extraction in the Province of 
G ron ingen . Society of Petro leum Eng ineers of A I M E, 
SPE Paper 575 1 presented to S PE--European Spr ing 
Meeting,  1 976,  Amsterdam, The Netherlands . 
Keyword (s) :  fl u id extraction ,  o i l  extraction 
Location (s ) :  Netherlands 
Schoon beek, J .  B .  Land S u bsidence as a Resu lt of 
Gas Extraction in  G ron ingen,  The Netherlands .  
I nternational  Association Hydrological  Sciences 
Publ ication 2 1 2 , 1 977,  p. 267-284.  
Keyword (s) :  o i l  extraction ,  flu id  extraction 
Location (s ) :  Netherlands 
Schothorst, C.  J .  Subsidence of Low Moor Peat 
Soi ls in the Western Netherlan.ds .  Geoderma,  v. 1 7 , 
1 977,  p .  265-29 1 .  
Keyword (s) : fl u id extraction ,  soi ls 
Location (s ) :  Netherlands 
Schu bert, J .  P .  Reducing Water Leakage into 
Underground Coal Mines by Aqu ifer Dewater ing-­
A Computer S imu lation Study. I N :  Proceed ings 1 st 
World Congress on Water in Mines and 
Underground Work, S IAMOS, September 1 8-22 ,  
1 978 ,  R .  Fernandez-Ru bio, ed . ,  G ranada,  S pa in ,  p .  
9 1 1 -932 .  
Stratigraph ic, structura l ,  hydrogeologic,  and  
m in i ng  data were col lected during a stu dy in  centra l  
Pen nsylvan ia .  A two-d imensiona l ,  f in ite-differen ce 
com puter model was used to s imu late groun dwater 
336 
flow in  a sandstone  u n it (0 .3- 1 1 m th ick) overly ing 
an u n dergrou nd mine,  and to eva luate the re­
sponses of the flow system and leakage rate into 
the m ine  when hypothetical dewatering wel ls are 
introduced into the system .  S imu lation of well 
dewatering ,  us ing 25 wel ls ,  showed that neg l ig ible 
reduction in  leakage wou ld  occu r  if sandstone 
permeabi l ity was less than 0 .30 m/day. When 
sandstone permeabi l ity equa l led 3 .0 m/day, 25 
wel ls  reduced leakage by 2 .4% . 
Keyword (s) :  computer, model ing ,  hydrology, 
subsu rface water, coa l m in ing,  mine waste, 
environment, geologic features 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Schubert, J .  P. Fractu re F low of G roundwater in  
Coal -Bear ing Strata . I N :  Proceedings Symposiu m  on 
S u rface M in ing  Hydrology, Sedimentology, and 
Reclamation ,  Lexington ,  KY, December 1 -5 ,  1 980, 
D . H .  G raves and R .W .  DeVore, eds . ,  Un iversity of 
Kentu cky, U KY BU 1 23,  p. 6 1 -73 . 
Fractures are of considerable importance to 
groundwater flow through l ith ified coa l-bearing  
strata . By  studying  and u nderstand ing more about 
the structu ra l control of fractu res in coal basins, the 
l a rger inflows possibly cou ld be avoided . This wou ld 
reduce pumping  and water treatment costs and 
lessen the depletion of  groundwater resources in  
su rrou nd ing  areas .  
Keyword (s) : coa l m in ing ,  subsurface water, 
hydrology, overburden , lab testing ,  in  situ testing ,  
i nflow 
Location (s) : Appalach ian Coal Region , Un ited 
States 
Sch u ler, K .  W . ,  S .  E. Benz ley, H . J .  Sutherland . A 
Study of Su bsidence Over Longwal l  Panels Us ing 
N umerical  and Physica l  Model ing Techn iques .  I N :  
Proceedings 1 9th Annua l  Meeting ,  Society of 
Eng ineering Science,  Un iversity of Missouri -Rol la ,  
October 27-29, 1 982 ,  p .  1 89 (abstract on ly) . 
Keyword (s) :  longwal l ,  model ing ,  physical  model 
Schu lte, H. F. The Effects of Subsidence on the 
Strata I mmed iately Above a Working  with Different 
Types of Packing  and in  Level Measures . I N :  
Proceedi ngs Eu ropean Con gress o n  G round 
Movement, Leeds,  Eng land,  Apr i l  9 - 1 2 , 1 957,  
London Harrison,  p .  1 88- 1 97 .  
Various  measu rements were made to determine 
the effectiveness of  backfi l l i ng  methods, as wel l  as  
to determine the effect of  subsidence on roof 
strata . 
Keyword (s) : backfi l l i ng ,  subsurface subsidence 
damage,  overbu rden , roof stabi l ity 
Sch u mann ,  E . H . R .  Contro l led S u bsidence of the 
Blackh i l l -G reenside Rai lway Line :  Part 1 .  Chamber 
of Mines of South Africa, Research  Report 8/83 ,  
1 98 3 .  
Keyword (s ) :  ra i l roads, active mtnes 
Location (s) : South Africa 
Sch u mann ,  E . H . R .  Su rface S u bsidence Due to the 
Extraction of Moderately Thick Coal Seams at 
Sha l low Depth . I N :  G round Movements and  
Structures, Proceedings 3 rd Internationa l  
Conference, Univers ity of  Wales I nstitute of 
Science and Tech nology, Card iff, 1 984, J . D .  
Geddes, ed . ,  Pentech , London,  1 985 ,  p .  248-263 . 
A s ign ificant proportion of the increase in South 
Africa ' s  coal output comes from open cast m ines 
and col l ieries employing longwal l  and  p i l l a r  
extraction methods . As a resu lt bf  the change in 
mining technology and the sca le  of operations,  
damage to the su rface and  surface structu res 
becomes a critical  factor for the South African coal  
min ing industry . For underground min ing ,  the 
s ituation i s  aggravated by the th ickness of the 
seams being extracted and their relatively sha l low 
depth . This paper describes some resu lts of 
research work carried out in connection with the 
undermin ing  of surface structures . 
Keyword (s) :  coal m in ing ,  surface structu ra l  
damage, active mines, longwa l l ,  p i l l a r  extraction ,  
mon itor ing methods, survey methods, survey 
equ ipment 
Location (s) :  South Africa 
Sch u mann ,  E. H. R. The Mon itoring ,  Computation 
and Data Analysis of Su rface S u bsidence . I N :  
Proceedings,  SANGORM Symposium,  October 2 1 ,  
1 9 86,  Sandton ,  South Africa, I nternationa l  Society 
for Rock Mechan ics, South African Nationa l  G rou p .  
Su rface su bsidence mon itor ing above tota l 
extraction coa l mine workings was conducted by 
the ' Radia l  Precision Survey ' method, us ing a theo­
dol ite and an electron ic d istance meter.  The paper 
conc ludes that th is method meets a l l  of the requ ire­
ments of modern subsidence mon itor ing and shou ld  
therefore rep lace precise level ing  where possib le . 
Keyword (s ) :  su rvey methods, survey 
equ ipment, survey data process ing ,  mon itor ing 
methods, mon itoring equ ipment, profi le function ,  
empirica l  model, horizonta l d isplacement, vert ical  
d isplacement, coal m in ing ,  computer 
Location (s ) :  South Africa 
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Sch u m a n n ,  E. H. R. The Control of Su rface 
S u bsidence by Width/Depth Ratio and Cha in  P i l l a r  
S i ze in  the Presence of Com petent Coa l  Measu res . 
I N :  Proceedings 7th I nternationa l  Conference on 
G round Control in  M in ing ,  August 3-5, 1 9 88,  S .S .  
Peng ,  ed . ,  Morgantown , WV, p .  358-368 . 
The loca l stratigraphy and  composition of the 
coal  measu res, inc lud ing competent dolerite si l l  and 
massive sandston e layers, is shown to have a 
restrictin g  influence on the development and  
magn itude of  surface su bsidence above tota l 
extraction pane ls  in South Africa . The critica l panel  
width necessary to induce non-violent fa i l u re of a 
dolerite s i l l  is quantified . Maximum surface sub­
s idence,  t i lt and  ground stra in  is compared to the 
Nationa l  Coa l Board model . An exponentia l  su bsi­
dence prof i le curve (S PC) describes a trough ha lf­
p rofi l e .  A parabo l ic relationsh ip between horizonta l 
d isplacement and  ti lt, which has been discovered to 
exist, can be su bstituted in the fi rst derivative of 
the S PC to generate transverse d isp lacement and 
stra in  profi les . 
Keyword (s) : coal m in ing ,  active mines, geologic 
featu res, overburden , Nationa l  Coal  Board,  
horizontal  d isp lacement, vertica l  d isplacement, 
room-and-pi l l a r, mu ltip le-seam extraction ,  longwal l ,  
p i l l a r  extraction 
Location (s) : South Africa 
Sch umann ,  E. H. R. Occurrence of Control led 
Coa lm in i ng  S u bsidence in  South Africa . I N :  CO MA:  
Proceedings of  Sympos ium on  Construction Over 
M ined Areas, Pretoria ,  May 1 992 ,  South African 
I nstitution of Civi l  Eng ineers, Repu bl ic  of South 
Africa,  p. 87-96 . 
I n  th is  paper, an  overview is g iven of resu lts 
of su rface su bsidence mon itoring above nu merous 
tota l extraction panels at sha l low to moderate 
depth in various South African coalfields . Statutory 
restrict ions a re app l ied on the undermin ing of 
bu i ld in gs and  stru ctu res in order to protect them . 
Modes of su rface su bsidence are defined in terms 
of the severity of d ifferentia l  d isplacements, and 
the mechanism of  caving and  the deformation of 
superincu mbent strata is briefly expla ined . 
Keyword (s ) :  su rface structu ra l damage, coal 
m in i ng ,  active mines, longwal l ,  pi l lar extraction , 
vertica l d isp lacement, horizontal d isp lacement, 
su rvey data process ing,  Nationa l  Coal Board, 
fou ndations, roads, p ipel ines, ra i l roads 
Location (s) : South Africa 
Sch uman n ,  H .  H . ,  J .  F .  Poland . Lan d  S ubsidence, 
Earth Fissures, and G roundwater Withdrawa l in  
South-Central Arizona ,  U . S .A .  I N :  Proceedi ngs 
Reading Symposiu m  on World Water Ba lance,  
I nstitute of Scientific Hydrology, J u ly, 1 970 .  
Keyword (s) : hydrology, subsurface water, flu id 
extraction 
Location (s) :  Arizona,  Un ited States 
Schwartz, 8. ,  R. Dubois . Effects of the Treatment 
of the Goaf (Strip Packing or Caving }  O n  the Rock 
I n  the Immed iate Vicin ity . I N :  Proceed ings Eu ropean 
Congress on Ground Movement, Leeds, Eng land ,  
Apri l 9- 1 2 , 1 957,  London Harrison ,  p .  1 52- 1 58 .  
Keyword (s} : backfi l l i ng ,  mine waste 
Schwartz, 8. ,  R .  Bu isson , R. D u Bois .  Appl ication of 
Statistical Methods to Characterize  Support 
Effic iency and  F loor Stab i l ity . I N :  Proceedings ,  
I nternational  Strata Control Congress, Leipz ig ,  
October 1 4- 1 6, 1 958 ,  p .  1 37- 1 56 and  LXVl -LXV. 
The purpose of these investigations  was to 
determine the data for the strength of the su r­
rou nd ing rock and the behavior of the support in the 
various panels . 
Keyword {s} : rock mechan ics, floor stab i l ity, 
p i l lar  strength , longwal l ,  coal m in ing  
Location (s) : France 
Schwartz , 8. Movements of the Roof and F loor i n  
Roadways . I N :  Proceed ings 4th Sympos ium on  
Rock Mechan ics, M ineral I ndustries Experiment 
Station Bul letin 76,  The Pen nsylvan ia  State 
Un iversity, Un iversity Park, 1 96 1 , p. 1 - 1 0 . 
This paper inc ludes an  approximate 
mathematical method of forecastin g  long-term 
movements in roadways, to faci l itate design of 
roadway su pports . 
Keyword (s ) :  coal m in ing ,  floor stab i l ity, roof 
stabi l ity, rock mechan ics, m ine  design , 
mathematica l model 
Location (s} : Un ited States 
Schwarz, S .  D . ,  G .  Mclucas . Detection of 
Destressed Rock and Potential  Col lapse Above Old  
Mine Workings by the Seismic Refraction Method . 
I N :  Proceed ings Sympos ium on the Appl ication of 
Geophysics to Eng ineering  and Envi ronmenta l 
Problems, Society of Eng ineering and M inera l 
Exploration Geophysicists, March 28-3 1 ,  1 98 8 ,  p .  
658-665 .  
The  del ineation of  existing  or potentia l  geologic 
hazards related to the subsidence, relaxation or  
weaken ing of  rock above o ld  m ine  work ings is  
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i mportant  to publ ic safety and the m itigation of 
property damage .  The detection of areas of 
destressed rock by conventiona l  exploration 
methods can be extremely d ifficu lt and expensive . 
A n u m ber of s ites i n  coal-m in ing  a reas of the 
western and northwestern Un ited States have been 
explored us ing  seismic refraction . It has  been 
demonstrated that low velocity zones in bedrock 
can be d iagnostic of destressed zones in  bedrock 
above old m ine  work ings .  I n  a reas where no 
detai led or rel iab le mine m aps are avai lab le,  low 
velocity zones in bedrock interpreted from h ig h ly 
deta i led seismic velocity profiles can provide a basis 
for estab l ish ing  targets for more d i rect methods of 
exploration . 
Keyword (s) : abandoned mines,  seismic, 
geophys ica l ,  coal  m in ing ,  overburden , geologic 
features 
Location {s) : Wash ington ,  Un ited States 
Scotese, T. R .  I nstru mentation and  Mon itori ng for 
P i l l a r  Extraction in a Deep, Fau lted Uran i um Mine .  
IN :  Rock Mechan ics in  Productivity and Protection ,  
Proceedings 25th Sympos ium on Rock Mechan ics, 
Northwestern Un iversity, Evanston,  I L, June  25-27,  
1 984, C . H .  Dowding and M . M .  S ingh , eds . ,  S M E­
AI M E, New York, p .  5 1 3-522 . 
A rock mechan ics instrumentation and  
mon itoring  program was implemented during p i l lar  
extraction at the deepest u ran i um mine in the 
Un ited States . Th ree types of mon itoring were 
employed : ( 1 )  drift convergence a round stopes 
{ using  a portable tu be extensometer), (2) stress 
changes in  p i l l a rs (us ing vibrating  wire stressmeters 
in hor izonta l  boreholes),  and  (3 ) load changes in  
h a u lageways u n der stopes (us ing vibrating load 
cel ls in j ack stands) . The instrumentation and 
mon itorin g  program provided a warn ing  system 
aga inst g round  control problems and a charac­
teriz ation of ground  behavior for future development 
and extraction of p i l l a rs .  
Keyword (s) :  p i l l a r  extraction , meta l m in ing ,  
instrumentation,  mon itoring  methods, mon itor ing 
equ ipment 
Location (s ) :  New Mexico, Un ited States 
Scott, A. C. Locating  and  F i l l i ng Old Mine 
Workings .  C iv i l  Eng ineering  Pub l ic  Works Review, v . 
5 2 f 1 9 5 7 I p • 1 00 7 - 1  0 1  1 • 
Keyword (s ) :  backfi l l i ng , abandoned mines 
Scott, J.  J .  Practica l  G round Control as it Relates to 
Productivity, Safety and Costs . I N :  2nd Conference 
on G round Control Problems in  the I l l i nois Coal 
Basin ,  May 1 985,  Southern I l l i nois Un ivers ity, 
Carbondale, Y. P .  Ch ugh ,  ed . ,  { keynote address) ,  p .  
1 -7 .  
Rock mechan ics theory needs to b e  app l ied to 
solve ground control problems but, in the fi na l  
ana lysis, the  min ing method and  equ i pment u sed 
will be those that solve problems in a practica l 
manner .  Equ ipment and its inherent productivity 
and safety as su ppl ied by "off the she lf" items by 
manufactu rers often d ictate the s ize of m ine  open­
ings. I n  th is whole process, the costs of m in ing  
f ina l ly d ictates what system wi l l  be employed and  
what  equ ipment wi l l  be used . 
Keyword (s) : ground contro l ,  m ine  safety, rock 
mechan ics, economics, m ine operation ,  geologic 
featu res, instru mentation , roof bolti ng ,  coal  m in ing ,  
meta l m in ing  
Location {s) : Un ited States 
Scott, R. F. Subsidence--A Review. I N :  Eva luation 
and Pred iction of S u bsidence, Proceed ings 
I nternational  Conference,  Pensacola Beach ,  F L, 
Jan uary 1 5-20, 1 978 ,  S . K. Saxena,  ed . ,  ASCE, 
New York, 1 979 ,  p .  1 -2 5 .  
I n  this paper, a brief review is g iven o f  surface 
movement mechan isms, ana lytical  tech n iques,  and  
a few case h istories . 
Keyword (s) : horizonta l d isplacement, vertical  
d isplacement, fl u id extraction ,  geologic featu res, 
coal m in ing ,  model ing,  oi l  extraction ,  fin ite element 
Scurfie ld, R .  W .  Reconstruction in the North 
Staffordsh ire Coalfield . Col l iery G ua rd ian , v. 1 95 ,  
no .  5030, J u ly, 1956, p .  95 . 
Keyword (s ) :  backfi l l i ng ,  coal m in i ng  
Location (s ) :  United Kin gdom 
Segatto, P. ,  W.  F.  Heinz . Backfi l l i ng  of Coal M ines .  
I N :  CO MA: Proceed ings o f  Symposiu m  on 
Construction Over Mined Areas, Pretor ia,  May 
1 992 ,  South African I nstitution of Civi l  Eng ineers, 
Repu bl ic of South Africa, p. 237-24 1 . 
Th is paper describes primari ly the two types of 
backfi l l i ng operations done in the underm ined 
coalfields in Ermelo .  Particu lar  reference has been 
made to fi l l i ng  under fiery and flooded mine  
conditions .  Th is successfu l backfi l l i ng  operation had  
to  take into account the ava i lab i l ity and pumpab i l ity 
of the backfi l l  materia l  in the Ermelo a rea, wh i le at 
the same time min imiz ing the costs to make th e 
exercise economical ly viab le .  
Keyword (s ) :  backfi l l i ng ,  coa l  m in ing ,  abandoned 
mines, hydrau l ic backfi l l i ng  
Location (s ) :  South Africa 
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Sei ls, D. E . ,  R. G. Darmody, F. W. S immons .  Water 
Movement on Aerie Ochragua lf as Revea led by Dye 
Tracers . I N :  Agronomy Abstracts, American Society 
of Agronomy/Soi l  Science Society of America 82nd 
An n u a l  Meeting ,  San Antonio,  TX, October 2 1 -26,  
1 990, p .  303 . 
A solut ion of dye and tracer was ponded on 
th ree pedons to characterize the macroporosity 
and  flow paths of an Aerie Ochraqua lf with a weak 
frag ipan ,  located over a subsid ing longwal l  pane l .  
Keyword (s) : agricu ltu re, soi ls, longwa l l ,  active 
m ines, coal m in i ng ,  hydrology 
Location (s ) : I l l i nois,  I l l inois Coal Bas in ,  Un ited 
States 
Sei ls ,  D. E . ,  R .  G .  Darmody, F. W. S immons .  The 
Effects of Coal  Mine I nduced Su bsidence on 
M acropores and Bromide Movement. I N :  Agronomy 
Abstracts , American Society of Agronomy/Soi l  
Sc ience Society of America,  October 27-Novem ber 
1 ,  1 99 1 ,  Denver, CO, p. 5 1 . 
Su bsidence is increas ing as the coa l-m in ing 
i ndustry adopts more efficient methods of under­
g round  extraction . S u bsidence as deep as 2 meters 
and  cracks as wide as 0 .3  meters can develop 
above a mine pane l .  However, most noticeable 
cracks c lose after the m in ing  front moves beyond a 
given point .  F ie ld studies were in itiated to deter­
m ine  if su bsidence cracks resu lt in greater 
preferentia l  f low. 
Keyword (s) : soi ls, active mines, longwal l ,  
agr icu ltu re,  m itigation,  subsurface water 
Location (s) : I l l i no is ,  I l l ino is Coa l Basin , Un ited 
States 
Sei ls ,  D. E . ,  R .  G .  Darmody, F. W. S immons . The 
Effects of Coal M ine  Subsidence on Soi l  
Macroporosity and  Water Flow.  I N :  Proceedings 
Nationa l  Sympos iu m on Prime Farmland 
Rec lamation , 1 992 ,  R . E .  Dunker, R . I .  Barnh ise l ,  and 
R . G .  Darmody, eds . ,  Department of  Agronomy, 
Un ivers ity of I l l i no is, Urbana ,  p. 1 37- 1 45 .  
A fie ld study us ing Rhodamine B dye and 
bromide tracers was conducted to determine  
whether subsidence fractu res remain  in the  so i l  and 
contribute to increased preferentia l  f low. Resu lts 
i nd icated that cracks remain  in the soi l  a long the 
mine panel edge 8 months after subsidence . 
Preferentia l  f low was shown to be enhanced at this 
s ite fol lowing subsidence . However, evidence of 
th is  is lacking for the panel  center.  Further research 
is needed to determine if g roundwater qua l ity 
changes occu r as a consequence of subsidence 
cracks along the mine panel edge. 
Keyword (s) : active mines, soi ls, longwa l l ,  coal  
min ing, agricu ltu re, subsurface water, hydrology 
Location (s) : I l l i nois,  I l l inois Coal Basin ,  Un ited 
States 
Sei ls ,  D. E. Soi l -Hydrolog ica l  I mpacts of Coal  M ine  
Subsidence . M . S .  Thesis, Un iversity of  I l l i nois 
Department of Agronomy, 1 992 ,  93 p .  
A field study was undertaken t o  determ ine 
whether so i l  cracks resu lt ing from coa l  m ine  
induced su bsidence a l lowed greater preferentia l  
f low of water th rough  soi l  and a lso to document the 
effects of su bsidence on near-surface groundwater 
elevations .  A solution of Rhodamine B dye and  
bromide were appl ied to  characterize chan ges in  soi l  
structu re and water movement.  Cracks were fou n d  
to remain in the soi l  a t  t h e  m i n e  panel  edge e ight 
months after su bsidence as revea led by the dye . 
Dye patterns at the panel  center l i ne  revea led no 
su bsidence cracks . G roundwater e levations at the 
site a year after subsidence were approximately the 
same as before subsidence.  
Keyword (s) :  agricu ltu re, so i ls ,  hydrology, coal 
m in ing ,  active mines, longwa l l ,  mon itoring  methods 
Location (s) : I l l i nois, I l l i nois Coal Bas in ,  Un ited 
States 
Seldren rath , R. Can Coal Measu res be Considered 
as Masses of Loose Structu res to Wh ich the Laws 
of Soil Mechan ics May be Appl ied? I N :  Internationa l  
Conference on Rock Pressu re and  Support in  the 
Workings, Liege, 1 95 1 ,  p .  79-83 . 
Keyword (s) :  coa l m in ing , overbu rde n ,  soi l  
mechan ics 
Selman , P .  H .  Coal M in ing  and  Agricu ltu re :  A Study 
in  Envi ron menta l Impact Assessment. Journa l  of 
Environ menta l Management, 22, 1 986,  p. 1 57- 1 86 .  
Coal m in ing  activities i n  the Un ited Kingdom are 
extend ing into a reas of comparatively unspoi lt 
countryside . Despite reductions i n  the Nationa l  Coal  
Board ' s  program of future expansion , it is con­
sidered that the sca le of impact of new min ing  
activities on agricu ltu re is sti l l  l i kely to  be s ign ifi­
cant. The major impact wil l  be associated with l and 
a l ienation , but  a wide range of  other adverse 
effects wi l l  a lso be encou ntered . In view of the 
controversy l ikely to accompany new min ing  
proposa ls, i t  is recommended that methods of 
environmenta l impact assessment (E IA) shou ld  be 
adopted . The natu re and components of EIA are 
reviewed, and a framework appropriate to m in ing­
agricultu re confl icts is advanced . 
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Keyword (s ) :  coal m in ing ,  agricu ltu re, 
environment, rec lamation ,  active mines, mine 
waste, so i ls ,  vertica l  d isplacement, horizonta l 
d isplacement 
Location (s) : Un ited Kingdom 
Sendlei n ,  L .  V .  A., H. Yaz ic ig i l ,  C. L .  Carlson,  H. K.  
Russel l ,  eds . S u rface Min ing,  Environ mental 
Mon itor ing and Reclamation Handbook .  Coa l 
Extraction and  Uti l i zation Research Center, 
Southern I l l ino is Un iversity, Carbondale, U .S . 
Department of Energy Contract No .  DE  AC22 80ET 
1 4 1 46 .  E lsevier, New York, 1 983,  750 p .  
T h e  process for constructing  th is handbook was 
based on the ph i losophy that experts working in the 
f ield cou ld best describe the state of the a rt of 
mon itori ng  and  p lann ing  to meet the requ i rements 
of the S MC RA ( 1 977 ) . The book h as eight chapters 
on geology, hydrology, rec lamation ,  a i r  qua l ity, 
b lasting ,  f ish and  wi ld l ife, a rchaeological resou rces, 
and  subsidence . Each chapter has sections written 
by var ious  experts on the subject . 
Keyword (s) : mon itor ing methods, rec lamation ,  
environ ment, geologic featu res, hydrology, su rface 
structu ra l damage,  wi ld l ife 
Location (s) : I l l i nois Coal Bas in ,  Appa lach ian  
Coa l  Region , Rocky Mou nta in  Coa l  Reg ion,  Un ited 
States 
Sendle in ,  L .  V. A . ,  J .  S .  D inger, T. D. Ficke l .  Impact 
of Underground Coal M in ing  on the Anvil Rock 
Aqu ifer .  I N :  Proceed ings 4th Conference on G round 
Control for  M idwestern U .S .  Coa l  Mines,  Mt . 
Vernon , I l l inois,  November 2-4, 1 992 ,  Y. P .  Chugh 
and  G.  Beasley, eds . ,  Southern I l l i nois Univers ity, 
Carbonda le, p. 1 5-50.  
This paper describes the data col lection and 
ana lysis performed to assess the impact of under­
grou nd coal m in ing  on groundwater.  The coal mine 
u nder study is located in western Kentucky in  a 
region that has been mined for the l ast 50 years . A 
major aqu ifer is present in the a rea and is a strati­
g raph ic  u n it that occu rs in  both sheet and channe l  
phases . 
Keyword (s) : active mines, abandoned mines,  
room-and-p i l lar,  subsurface water, hydrology, 
geologic featu res, coal m in ing  
Location (s) : Kentucky, I l l i nois Coa l  Bas in ,  
Un ited States 
Serata, S . ,  B .  H. G ardner.  Prediction and Design 
Contro l of S u rface S u bsidence by G lobal S imu lation 
of Mine Behavior Using  F in ite Element Model . I N :  
Proceed ings 2 n d  Workshop o n  Su rface Su bsidence 
due to Underground Min ing ,  Morgantown , WV, 
June  9- 1 1 ,  1 986,  S .S .  Peng ,  ed . ,  West Virg i n ia 
Un ivers ity, p .  44-53 . 
The Stress Control Method of mine  design 
provides enhanced eng ineering control over the 
behavior of underground structu res in  comparison 
to conventional mine design methods . A field 
example is g iven in  th is paper to i l l ustrate the 
appl ication of this method .  
Keyword (s ) :  f in ite element, m ine  design ,  
computer, model ing ,  pred iction 
Serata, S . ,  F. Carr.  Stress Control Method Appl ied 
to Stabi l ization of Underground  Coal M ine  
Open ings .  IN :  Rock Mechan ics in  Productivity and  
Protection ,  Proceed ings 25th Symposiu m  on Rock 
Mechan ics, Northwestern Un iversity, Evanston ,  I L, 
June  25-27,  1 984, C . H .  Dowding and  M . M .  S ingh ,  
eds . ,  S M E-AI M E, New York, p .  583-590.  
Serious floor heave of  as much as 2 .4 meters in  
a 2 .4-meter-h igh m ine  entry was e l im inated by 
applying  the stress contro l method of m in i ng  in the 
Black Warrior coa l basin near B irm ingham,  Alaba m a .  
Underground observation o f  t h e  fi rst th ree-room 
entry created us ing  the  stress control method is  
discussed here . The behavior of the test entry, 
which e l iminated the heave problem, is  ana lyzed i n  
relation to studies conducted in  a salt m i n e  u nder­
ground cond itions by us ing fi n ite e lement ana lysis . 
Keyword (s) :  f in ite element, floor stab i l ity, coal  
m in ing ,  non-metal m in ing  
Location (s) : Alabama,  Un ited States 
Serata , S . ,  B. Das, K.  Sh ri n ivasan,  V. J .  H ucka .  
Appl ication of the Stress-Property-Deformation 
Relation (SPDR) Technology to Undergrou nd Mine  
Design Optimization . IN :  Proceed ings,  I nternationa l  
Symposiu m  on Undergrou nd  Eng ineeri ng ,  New 
Delh i ,  I ndia,  April 1 4- 1 7 , 1 988 ,  B. S ingh ,  ed . ,  
Ba lkema, Rotterdam,  p .  1 57- 1 63 .  
The behavior of complex ground  com mon ly 
involves a number of behavioral com ponents, 
inc lud ing elasticity, viscoelasticity, viscoplasticity, 
strength deterioration , stra in  ha rden ing ,  and brittle 
ducti le movement.  A quantitative approach for 
ana lyzing and design ing  earth structu res in such 
complex ground has been synthesized from in situ 
stress measurement, in  situ property measurement, 
field deformation measu rement, and development of 
an REM (Rheological Element Method) f in ite 
element computer program. 
Keyword (s) : yie ld ing su pports, in situ testing ,  
ground control ,  instru mentation , fi n ite element, 
computer 
3 4 1  
Location (s ) :  Pen nsylvan ia ,  Appalachian Coal 
Region , Un ited States 
Sgambat, J .  P . ,  E. A. La Bel la ,  S .  Roebuck. Effects 
of Underground  Coal M in ing  on G round Water in the 
Eastern Un ited States . Geraghty & Mi l ler, An napo­
l is ,  M D, US E PA-600/7-80- 1 20, Contract No. 68-
03-2467, June ,  1 980, I ndustrial Environ mental 
Research Laboratory, Office of Research and 
Development, US EPA, C inncinnati, 1 83 p. 
This report addresses the past effects and the 
possib le futu re effects of underground coal m in i ng  
activities on groundwater resources in the  reg ion 
east of the 1 OOth merid ian . Such effects are h ig h ly 
dependent on the location of the mine with respect 
to natu ra l  flow system . Recharge-d ischarge 
relationsh ips in  the vicin ity of active mines may be 
a ltered, and lowered groundwater levels may not 
recover to pre-m in ing  condit ions after closu re . 
Stud ies indicate that contamination of groundwater 
exists in many places in the immediate vicin ity of 
coal m ines .  Many refuse p i les and impoundments 
probably affect the qua l ity of streams and sha l low 
groundwater .  However, on a reg ional  basis, there 
is l ittle evidence from the scanty data on hand  of 
gross g roundwater contamination in heavily m ined 
a reas .  
Keyword (s) : coal m in ing ,  su bsu rface water, 
hydrology, m ine  waste, inflow, surface water, 
active m ines,  bituminous ,  anthracite, abandoned 
m ines 
Location (s ) : Alabama,  I l l inois, I nd iana,  
Kentucky, Maryland,  O h io, Pennsylvan ia ,  
Ten n essee, Virg in ia ,  West Virg in ia ,  I l l i nois Coal 
Bas in ,  Appalach ian Coal Reg ion,  Un ited States 
Shadbolt, C. H . ,  W. J .  Mabe.  Subsidence Aspects 
of M in ing  Development in Some Northern 
Coalfields .  I N :  Geological  Aspects of Development 
and Pla n n ing  in  Northern Eng land ,  P .T .  Warren ,  ed . ,  
Yorksh i re G eological  Society, Leeds, England,  
1 970, p .  1 08- 1 23 . 
Th is  paper d iscusses th ree factors perta in ing to 
su rface development and exploitation in undermined 
areas :  orthodox grou nd movements related to the 
d imensions of m ineral extraction, geotechn ical 
conditions,  and the tolerance of surface structures 
to ground  movements . 
Keyword (s ) : m ine design ,  mine operation, 
su rface structu ral damage, structu ra l m itigation , 
coal m in i ng ,  land-use plann ing ,  geologic featu res 
Location (s) : Eng land 
Shadbolt, C .  H . ,  8 .  N .  Wh ittaker, D .  J .  Forrester .  
Recent Developments in M in i ng  S u bsidence 
Eng ineering . I N :  64th Genera l  Meeting  of the 
Mid land Cou nty Mineral Div is ion of the Royal 
I nstitute of Chartered Su rveyors, Notti ngham,  
October 1 9, 1 973 .  
Th is paper exa mines methods of  su bsidence 
prediction and engineering  and their  influence by 
local geological site cond ition s .  S u bsidence aspects 
of both deep m in ing  and surface m in i ng  are dealt 
with in deta i l  and attention is focused on structural 
aspects of min ing subsidence . The authors describe 
current forms of instru mentation and field measu re­
ment tech n iques .  
Keyword (s) : prediction ,  survey methods, 
instrumentation, geolog ic featu res, su rface 
structu ral damage 
Location (s) :  Un ited Kin gdom 
Shadbolt, C .  H.  Min ing Subsidence . I N :  S ite 
I nvestigations in Areas of M in ing  Subsidence, F . G .  
Bel l ,  ed . Newnes-Butterworths,  1 975 ,  p .  1 09- 1 24.  
Shadbolt, C .  H .  M in ing  Subsidence and Protective 
Measures for Surface Structures . Chartered 
Su rveyor Land  Hydrology & Minera l  Quarterly, v. 3 ,  
no .  2 ,  1 975-76 ,  p .  29-32 .  
Keyword (s) :  su rface structura l  damage,  
eng ineering 
Shadbolt, C .  H .  Min ing Subsidence--H istorical  
Review and State of the Art . I N :  Large G round 
Movements and Structu res, Proceedings I nter­
nationa l  Conference, Un iversity of Wales I nstitute 
of Science and Tech nology, Cardiff, 1 977 ,  J . D . 
Geddes, ed . ,  Joh n Wi ley & Sons, New York, 1 978 ,  
p .  705-748 . 
The author d iscusses various su bsidence 
parameters and their effects as they relate to m ine  
extraction d imensions, and expla ins var ious means 
of reduc ing su bsidence damage.  Also inc luded is a 
h istorical review of the theories and work by early 
su bsidence investigators . 
Keyword(s} : vertica l d isplacement, h or izonta l  
d isplacement, surface structura l  damage,  
subsu rface structu ra l damage, su rvey data 
processing ,  eng ineering,  h istorica l ,  pred iction 
theories 
Sh adbolt, C. H. A Study of the Effects of G eology 
on Min ing  Subsidence in the East Pen n ine  Coalf ield . 
Ph . D .  Thesis, Un iversity of Nottingham,  UK, 1 98 7 .  
Keyword (s ) :  geologic featu res,  coal m in i ng  
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S hadri n ,  A. G .  Trajectory of a Point  at the Su rface 
Near An Advanc ing Extraction Face . Soviet Min ing  
Science, v .  9,  no .  1 ,  Jan uary/February 1 973,  p .  
7- 1 0 . 
Keyword (s) : surface su bsidence damage 
Location (s) : Soviet Un ion . 
Shadr in ,  A .  G . , A .  S .  Yagu nov .  Raschet Maksimal  
Nykh Vel ich i n  Sdvizhen i i  Zemnoi  Poverkhnosti Pri 
Podzemndi Razrabotke Ugol ' Nykh Mestorozhden i i  
(Calcu lation of  Maxi m u m  Sh ifts of  the  G round 
S u rface Due to  Underground  Workin g  of  Coal 
Deposits ) . Permski i  Pol itehn iceski i  l nstitut, 
U . S . S . R . ,  l zvestiya Vyssh ikh Uchebnykh Zavedenij ,  
G ornyj Zh u rna l ,  n o .  1 1 , 1 973,  p .  53-5 8 .  
Keyword (s ) :  prediction ,  coal m in ing  
Location (s) : Soviet Un ion 
Shea-Alb in ,  V .  R .  Effects of  Longwal l  Subsidence 
on Escarpment Stab i l ity . I N :  Proceedings Th i rd 
Workshop on S u rface Subsidence Due to 
Underground  M in ing ,  June  1 -4, 1 992,  S .S .  Peng ,  
ed . ,  Morgantown , WV,  p .  2 72-2 7 9 .  
Because sandstone escarpments are an 
environmental i ssue,  m i l l ions of  tons of  coa l  re­
serves that u n derl ie these escarpments risk being  
classified as u n m inable by  regu latory agencies . At 
th is  t ime, the effect of su bsidence on escarpments 
has  not been wel l  docu mented or characterized . 
The US BM is us ing nu merical model ing  techn iques 
to ana lyze escarpment response to longwal l  m in i ng .  
Two- and th ree-d imensiona l  models have been 
constructed for a study area near Price, Utah ,  
where longwal l  panels were m ined near  an  
escarpment.  
Keyword (s ) :  coa l m in ing ,  longwa l l ,  geologic 
features, active m ines, envi ron ment, wild l ife, 
mode l ing ,  f in ite e lement, bou ndary element 
Location (s) : Uta h ,  Rocky Mounta in  Coal Region , 
Un ited States 
Shelton,  J .  W .  Role of Contemporaneous Fau lting 
During  Bas ina l  Subsidence . Bu l letin American 
Association of Petroleum and Geology, v .  5 2 ,  n o .  
3 ,  1 968,  p .  399-4 1 3 .  
Keyword (s ) :  flu id extraction, geologic featu res 
Sheng,  X. L . ,  S .  Y. J i ng .  The Research on the 
Mechan ical  Properties of Hard Roof in  Underground 
Coa l  Min ing .  I N :  Rock Mechan ics as a Gu ide to 
Effic ient Uti l i zation of Natu ra l  Resou rces, Pro­
ceed ings 30th U . S .  Symposium,  1 989 ,  A .W.  Khair, 
ed . ,  Balkema, Rotterdam, p .  579-586 .  
During the cou rse of m in ing ,  when the roof 
above coa l seams is constituted by th ick and hard 
sandstone,  sudden roof movements often take 
place with great force and destruction ,  which is  the 
biggest danger to safety and production .  Such 
severe movements of the roof d i rectly relate to rock 
mechan ical properties, wh ich are the main factors 
that infl uence the regu larity of ha rd roof movement 
and its destruction form . A s ign ificant way to apply 
rock mechan ics into min ing eng ineering is  to study 
the properties of the hard roof; parameters can then 
be altered that wil l  help to more efficiently control 
the movement of the hard roof . 
Keyword (s) :  coal m in ing ,  roof stabi l ity, 
overburden , rock mechan ics, eng ineeri ng ,  active 
mines 
Location (s) :  Ch ina  
Sheorey, P .  R . , B .  S ingh . Strength of Rectangu lar  
P i l lars in  Partial Extraction . I nternationa l  Journa l  of  
Rock Mechanics and Min ing  Sciences & 
Geomech an ics Abstracts, v .  1 1 , no .  1 ,  January, 
1 974, p. 4 1 -44. 
Model sandstone p i l lars were used in laboratory 
compression tests . The conc lud ing theory was that 
average width rather than least width is  i mportant 
in  determ in ing  pi l lar strength . 
Keyword (s) : room-and-pi l lar, p i l lar  extraction , 
p i l lar  strength , rock mechan ics, part ia l  extraction,  . lab test ing 
Sheorey, P .  R. ,  T .  N.  S ingh , B .  S ingh . Con­
siderations for the Stabi l ity of Lon gwal l  Cha in  
P i l lars and Adjacent Roadway . IN :  Strata 
Mechan ics, Proceed ings of the Symposiu m ,  
University o f  Newcastle-u pon-Tyne,  Apri l ,  1 982 ,  
E lsevier, New York, l .W .  Farmer, ed . ,  p .  1 29- 1 33 .  
The old subject of stabi l ity of cha in  p i l lars and a 
roadway protected by them is dealt with us ing  a 
n ew approach . The s imple method of the theory of 
beams on elastic su pport i s  used to estimate the 
one-s ided pressu re d istribution over the cha in  p i l lars 
when the goaf is on ly on one side . It is shown how 
the mechan ical properties involved in the method 
can be determined measuring  roof-seam contact 
displacements in s itu . Even if the p i l lars per se are 
stable, the roadway they protect may sti l l  show 
signs of distress, as shown in a case study. A 
modern rock mass classification has been appl ied 
to assess roadway stabi l ity . 
Keyword (s) :  longwal l ,  m ine  design ,  p i l lar  
strength , in situ testing,  model ing ,  coa l min ing,  roof 
support, rock mech an ics 
Location (s ) :  Ind ia  
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Sheorey, P .  R . ,  M .  N .  Das, D .  Barat, R .  K. Prasad, 
B .  S ingh . Coal P i l lar  Strength Estimation from Fa i led 
and Stable Cases . I nternationa l  Journa l  of Rock 
Mechan ics and M in i ng  Sciences & Geomechan ics 
Abstracts , v .  24, n o .  6 ,  December, 1 987,  p .  
347-3 5 5 .  
A n ew p i l l a r  strength equation i s  proposed for 
a l l  practical va lues of width -height ratio based on 
23 unstable and 20 stable p i l lar  cases . Stren gth 
data of a n um ber of coal seams are used to show 
that the in s itu large-sca le  strength is more l i kely to 
be affected by depth of cover than the laboratory 
sma l l-spec imen strength . The latter is therefore 
i ncorporated in the new equation . Performance of 
some of the better known p i l lar  strength formu las is  
compared with the new equation against the case 
stud ies . I t  is proposed that the safety factor shou ld 
be chan ged with depth of cover and width-height 
ratio of p i l l a rs .  Safety factor va lues are accord ing ly 
recommended for stowed and unstowed p i l lar  
arrays and  cha in  p i l lars .  An a lternative s impler 
equ ation is a lso proposed for slender p i l lars . 
Keyword (s) :  p i l l ar  strength , coa l m in ing ,  lab 
testing ,  in  s itu test ing 
Location (s) : I nd ia 
Sheorey, P .  R . ,  8 .  Singh . Case Studies of 
Dep i l l a ri ng  Under S pecial  Strata and Min ing  
Conditions .  I N :  Proceedings 7th I nternationa l  
Conference on G round Control in  Min ing,  August 
3-5,  1 98 8 ,  S . S .  Peng ,  ed . ,  Morgantown , WV, p .  
3 5 1 -3 5 7 .  
F o u r  case studies o f  special  geomin ing  
condit ions from I ndian coalfie lds are d iscussed . 
These cases relate to p i l lar  extraction in two seams 
s imu ltaneously u nder a difficu lt roof, depi l lar ing in 
an  inc l ined seam resu lti ng  in r ib instabi l ity, 
depi l lar ing resu lt ing in floor l ift and side spa l l ing,  
and contiguous p i l l a r  extraction under h ard 
incavable strata . So lut ions to these problems are 
g iven based on rock mechan ics princi ples involving 
stress ana lys is,  class ification techn iques, past 
experiences, and eng ineering judgement. 
Keyword{s ) : p i l lar extraction,  coal min ing,  
m u ltip le-seam extraction,  rock mechan ics, active 
m ines, floor stabi l ity, overburden, geologic features 
Location {s) : I nd ia 
Sherman ,  G.  D .  Assessment of Subsidence Related 
Damage to Structures in Lou isvi l le  and Lafayette, 
Col�rado .  I N :  Proceedings Conference on Coal Mine 
S u bsidence in  the Rocky Mou nta in  Region,  
Colorado S prings, October 28-30, 1 985,  J . L. 
Hynes, ed . ,  Colorado Geological  Su rvey Special  
Publ ication 3 1 ,  Department of Natu ral Resou rces, 
Denver, 1 986,  p. 87-95 . 
Many theoretical methods are avai lab le to 
estimate subsidence induced h orizontal g roun d  
stra ins .  However, no evidence exists as to the 
magn itude of ground stra ins developed from 
collapse or the type and amount of structura l  
damage that c a n  b e  expected . T o  quantify t h e  
above questions, t h e  author conducted a n  
investigation o f  structu res that are u n derla in  by 
mine workings but were bu i lt prior to m in i ng . 
Keyword (s} :  abandoned m ines,  su rface 
structural damage, horizontal d isplacement, 
foundations, pred iction , empirical m odel ,  infl uence 
function,  coal  m in ing ,  arch itecture 
Location (s) : Colorado, Rocky Mounta in  Coal 
Region,  Un ited States 
Sherrey, P . ,  R .  Dunham. An Approximate Ana lysis 
of F loor Heave Occurring in Roadways Beh ind 
Advancing Longwal l  Faces . I nternationa l  Journa l  of  
Rock Mechanics and Min ing  Sciences & 
Geomechan ics Abstracts, v. 1 5 , 1 978 ,  p .  277-2 8 8 .  
Keyword (s) :  floor stabi l i ty, longwal l  
Sh ih ,  S.  F . ,  J .  W .  Mishoe, J.  W .  Jones, D. L .  
Myh re . Subsidence Related to Land Use in  
Everg lades Agricu ltu ra l  Area . Transactions,  
American Society Agricu ltura l  Eng ineers, 22 ,  1 97 9 ,  
560-568 .  
Keyword (s) :  land-use p lann ing ,  agricu ltu re 
Location (s) :  Florida, Un ited States 
S h i lang,  L. Rationa l  Layout of Roadways in F loor 
Strata Affected by Longwal l  Extraction . I N :  Strata 
Mechan ics, Proceedings of the Sympos ium,  
Un iversity of  Newcastle-u pon-Tyne,  Apri l ,  1 982 ,  
l .W .  Farmer, ed . ,  Elsevier, New York, p .  20 1 -206.  
Keyword (s) :  mine design ,  m ine  operation ,  
longwall  
Sh ippam, G . K.  Numerical I nvestigation of E lastic 
Behaviou r  Around Longwal l  Excavations .  Ph . D .  
Dissertation , Un iversity of Nottingham,  1 970 .  
Keyword (s) : longwal l ,  model ing  
Location (s) : Eng land 
Shoemaker, F .  D .  How and Why Backfi l l  Anth racite 
Mines .  Coal Age, v. 44, May, 1 939 ,  p .  68 . 
A 4.5-foot . seam was successfu l ly extracted 
beneath an industrial and residentia l  d istrict . 
Keyword (s ) :  anth racite, backfi l l i ng ,  room-and­
pi l lar, coa l min ing,  economics 
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Location {s) : Pennsylvan ia ,  Appalachian Coal 
Region , Un ited States 
Shoemaker, H .  D . ,  S .  H. Advan i ,  F. D. G meind l ,  Y. 
T. Lin . Studies of Thermo-Mechan ica l  Subsidence 
Associated with Underground Coal Gasification . I N :  
Eva luation a n d  Pred iction of Su bsidence, I nter­
nat iona l  Conference, Pensacola Beach , F L, ASCE,  
1 979 .  
Keyword {s} :  coa l gasification 
Location {s } :  Un ited States 
S hoemaker, R. P. A Review of Rock Pressu re 
Problems .  American I nstitute M in ing and Meta l l u rgy 
Eng ineers Tech n ica l  Publ ication 2495, 1 948, 1 4  p .  
Keyword (s} :  m ine operation , rock mechan ics 
Location (s} :  Un ited States 
S h oemaker, R. P . ,  T. J .  Thorley. Problems of 
G round  Subsidence . Journa l  of the American Water 
Works Association ,  v. 47, Apri l ,  1 955,  p. 4 1 2-4 1 8 .  
Th is  paper describes su bsidence problems 
associated with o i l  extraction from the Wi lmington 
oil field in Long  Beach,  Cal iforn i a .  Repressu rization 
us ing  gas or water as a means of arrestin g  
subsidence i s  briefly mentioned . 
Keyword (s} : o i l  extraction 
Location (s} :  Ca l iforn ia ,  Un ited States 
S h oemaker, R .  R .  Protection of S u bsid ing 
Waterfront Properties . Jou rnal of the Waterways 
Division ,  ASCE, v .  8 1 ,  Proceedings Paper 805, p .  
805- 1 --805-24, September,  1 955 . 
Subsidence resu lted from a reduction of fl u id 
pressu re in the Wi lm ington o i l  field . 
Keyword (s} : o i l  extraction , surface structu ral 
damage 
Location (s } :  Un ited States, Cal iforn ia 
Shoham,  D . ,  L .  Levin .  Su bsidence on the Recla imed 
H u la Swamp Area of Israel . Israel Journal of 
Agricu ltu ra l  Research , 1 8 , 1 968,  p. 1 5- 1 8 .  
Keyword (s } :  fl u id extraction , agricu ltu re 
Location (s ) :  I srael 
S h u ltz , R. A.  G round-Water Hydrology of Marsha l l  
County, West Virg i n ia ,  with Emphasis on the 
Effects of Longwa l l  Coa l  Min ing .  U .S . Geological  
S u rvey Water-Resou rces I nvestigations Report 
88-4006, in cooperation with Marsha l l  County 
Commission , Charleston,  WV, 1 988 ,  1 47 p .  
Th is report describes t h e  grou ndwater 
hydrology of Marsha l l  Cou nty, West Virg in ia ,  with 
emphasis on the effects of longwal l  coa l m in in g .  
Two h u ndred and eighteen wells and 59  springs 
were inventoried . A groundwater mon itoring  
network was establ ished whereby water levels i n  
62 wel ls and d ischarges of  1 3  springs were 
measu red at least month ly .  S ing le-wel l  aqu ifer tests 
were made at th ree sites . The fol lowing  geophysical 
logs were run on selected weUs : gamma ray-- 1 5  
wel ls,  cal iper-- 1 4  wel ls,  and  electric res istivity--2 
wel ls .  Two observation wells were dri l led in J u ly 
1 9 85 ahead of an advanc ing longwal l  panel  to 
obta in  pre- and post-min ing  data . Water samples 
from 56 wel ls and 1 6  spr ings were ana lyzed for 
major chemical constituents .  Additiona l  grou nd­
water data obta ined duri ng  previous studies by the 
USGS a lso are ava i lab le .  
Keyword (s} : subsu rface water, su rface water, 
hydrology, geologic features, coa l m in ing ,  longwal l ,  
overburden , geophysica l ,  mon itorin g  methods 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Siddle,  H .  J . ,  M .  E. O l iver, P. Ansel l .  The Effect of 
Min ing  Subsidence on S poi l  Heap Stabi l ity :  A Case 
History. I N :  Grou nd Movements and Structu res, 
Proceed ings 3rd I nternationa l  Conference, 
Un ivers ity of Wales I nstitute of Science and 
Technology, Card iff, 1 984, J . D . Geddes, ed . ,  
Pentech,  London , 1 985,  p .  264-2 7 8 .  
This paper describes the methods used to 
assess the possible effects of m in ing  sha l low panels 
of coal  by rap id retreat beneath the a t ip complex.  
Critical areas of the t ip included ta i l ings lagoons, 
some of wh ich were capped, and a 45-meter-h igh  
face overlooking a road and cottages . The measu res 
recommended to enable completion of the tip are 
described, together with the resu lts of the mon itor­
ing  performed during the m in i ng .  
Keyword (s } :  coal m in ing ,  active mines, m ine  
waste, geotechn ica l ,  mon itor ing methods, vertical 
d isplacement, horizonta l  d isplacement 
Location (s} : United Kingdom 
Siekmeier, J.  A.,  K .  M. 0 1 Con nor, L .  R.  Powel l . 
Rock Mass Classification Appl ied to Subsidence 
Over High Extraction Coa l Mines .  I N :  Proceed ings 
Th i rd Workshop on Su rface Su bsidence Due to 
Underground Min ing ,  June  1 -4, 1 9 92,  S .S .  Peng ,  
ed . ,  Morgantown , WV, p .  3 1 7-325 . 
The US BM uses a commercia l ly ava i lable 
computer spreadsheet program in  combination with 
a mod ified version of Bien iawski 1 s  Rock Mass 
Rating system to characterize the geology overlying  
h igh extraction coal m ines .  The  resu lts presented i n  
th is paper focus on  the  relationsh ip  between the 
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bridg ing  potentia l  of ind ividua l  beds and the 
deformation measu red using Time Domain 
Reflectometry . S u bsurface d isplacements measu red 
over seven h igh -extraction coa l mines in  south ern 
I l l i nois were correlated with the bed stiffness and 
bridg ing  potentia l  profi les . 
Keyword (s } :  i nstru mentation , mon itoring 
methods, geolog ic featu res , coa l  m in ing ,  active 
m i nes, mon itorin g  equ ipment, computer, model i ng ,  
rock mechan ics, overbu rden , longwal l ,  h igh­
extraction retreat 
Location (s } :  I l l ino is ,  I l l i no is Coal Basin ,  Un ited 
States 
S imes, D .  J . ,  F. E. Jaggar .  Strata Control in  M in ing  
O perations in  a New Mine at  South Bu l l i  Col l iery .  
I N :  5th  I nternationa l  Strata Control Conference, 
London ,  1 97 2 ,  Paper 3 ,  9 p .  
Keyword (s} : g round contro l ,  active mines 
S ims,  F. A . ,  R. J .  Brid le .  Bridge Design in Areas of 
M in i ng  Su bsidence . Journa l  I n stitute Highway 
Eng ineers ,  v. 1 3 , 1 966,  p. 1 9-3 8 .  
Keyword (s) :  surface structural damage, 
eng ineering  
S incla i r ,  D . ,  P .  B .  Bucky .  Photoelasticity and its 
Appl ications to Mine  P i l lar  and Tu nnel Problems .  
Transactions,  A I M E, v .  1 3 9,  1 940, p .  224-2 5 2 .  
I sotropic transparent materia l  was stressed and 
v iewed with pola rized l ight, obta in ing an image ind i ­
cati ng  the magn itude of the stress in  color bands of 
l ight .  Th is method studies the principal points of 
maxi m u m  stresses in loaded model p i l lars; it in­
c ludes the effects of. cutting  the tops of the p i l lars 
or of tu n ne l l i ng  u nderneath them . 
Keyword (s } :  p i l l ar  strength , model ing,  tu nnel l ing 
Location (s) : Un ited States 
S incla i r, J .  M in i ng  Subsidence in the South 
Yorksh i re Coalfie ld . Transactions, I nstitute Min ing  
Eng ineers, London,  v .  1 1 0, 1 95 1 ,  p .  365-3 8 7 .  
Th is paper deals with a method o f  setting  out 
l i nes of stations to observe su bsidence and 
accompanying lateral movements; observation 
techn iques and resu lts are described in  deta i l .  
Keyword(s } :  su rvey desig n,  survey methods, 
coal m i n ing ,  vertical d isp lacement, horizontal 
d isplacement 
Location (s ) :  Eng land 
S inc la i r, J .  G round Movement and Control at  
Col l ieries . S i r  I saac Pitman & Sons Ltd . ,  London, 
England,  1 9q6, 93 p.  
The author d iscusses methods of roof su pport 
for safe and economical extraction of coa l . One  
chapter is devoted to  meth ods of red u cing  
su bsidence damage.  These methods inc lude 
measures taken u n dergrou nd  i n  the layout and  
workings, such  as packing  and  stowing ,  and  
precautions to  be  taken on the  su rface du ri n g  
construction . 
Keyword (s) : ground control , roof support, 
economics, construction ,  eng ineering ,  mine desi g n ,  
stowing,  coal m in ing  
S ingh , L .  N . ,  M . A .  Rafigu i ,  B .  S ingh . Ang le  of 
Fractu re in  Mine S u bsidence .  Journa l  of M ines 
Metals & Fuels,  v .  24, 1 976,  p .  375-3 8 5 .  
S ingh ,  M .  M . ,  W .  J .  Cou rtney. Appl ication of 
Pneu matic Stowing in Un ited States Coal M ines . 
A I M E  Annua l  Meeting ,  Dal las, Texas,  Februa ry 
24-28,  1 974.  
This paper g ives deta i ls  of  methods and 
equ ipment used i n  pneumatic fi l l i ng  and  describes 
various problems involved; it a lso mentions 
potentia l  explosion hazards . 
Keyword (s ) :  pneumatic backfi l l i ng ,  coal m i n i ng  
Location (s) :  Un ited States 
S ingh ,  M .  M .  Experience With Subsidence Due to 
M in i ng .  I N :  Eva luation and Prediction  of 
Subsidence, Proceedings I n ternationa l  Conference,  
Pensacola,  Beach , FL, January 1 5-20, 1 978 ,  S . K .  
Saxena,  ed . ,  ASCE, New York, 1 979,  p .  92- 1 1 2 . 
This paper l ists states i n  the Un ited States with 
subsidence damage and suggests a dua l  approach 
to attack the problem . 
Keyword (s) : surface subsidence damage, 
subsurface subsidence damage, environ ment, 
prediction 
Location (s) : Un ited States 
S ingh , M .  M . ,  F. S .  Kendorski . Strata Distu rbance 
Pred iction for M in ing  Beneath Su rface Water and 
Waste I m poundments .  IN :  Proceedings 1 st An n ua l  
Conference on Grou nd Control in  M in i ng ,  J u ly 
27-29,  1 98 1 , S . S .  Peng,  ed . ,  West Virg in ia  
Un iversity, Morgantown , p .  7 6-8 9 .  
The scope of th is paper i s  l im ited to the 
exploitation of stratified m ineral deposits with 
overlying surface bodies of water.  
Keyword (s) : su rface water, coal m in i ng ,  
prediction,  inflow 
Location (s) : Un ited States 
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S ingh ,  M .  M .  Review of S u bsidence Control 
Measures--Past, Present, and  Futu re .  S M E-AI M E  
preprint  #84- 1 82 ,  S M E-AI M E  An nua l  Meeting ,  Los 
Angeles, CA, February 2 6-March 1 ,  1 984, 6 p . ; 
a lso Transactions,  AI M E, v .  276, 1 985,  p .  
1 98 8- 1 9 9 2 .  
T h e  author reviews subsidence control 
measu res to meet new regu lations,  inc lud ing basic 
tech n iques and specific procedures to implement 
those measures . 
Keyword (s) :  land-use pla n n ing ,  partia l  
extraction ,  backfi l l i ng ,  room-and-pi l lar, su rface 
structu ra l damage,  law, g roun d  control 
Location (s) : Un ited States 
S i ngh ,  M .  M . ,  S .  Bhattacharya . Proposed Criteria 
for Assessing  Su bsidence Damage to Renewable 
Resou rce Lands .  Preprint N o .  84-34 1 ,  S M E-AI M E  
Fa l l  Meeti ng ,  1 984, Denver, CO . 
Th is paper attempts to establ ish relationsh ips of 
various levels of subsidence damage for aqu ifers, 
agricu ltu ral lands,  and  other renewable resou rce 
a reas . 
Keyword (s) : hydrology, agricu ltu re, environ­
ment, land-use plan n ing ,  surface subsidence 
damage,  subsurface water, su rface water, coal 
m i n i ng  
Location (s) :  Un ited States 
S i ngh ,  M .  M . ,  S .  Bhattacharya . Proposed Criteria 
for Assessing S u bsidence Damage to Renewable 
Resou rce Lands .  M in i ng  Eng ineering ,  March , 1 987 ,  
p .  1 8 9- 1 94.  
The S u rface Min ing Control and  Reclamation 
Act of 1 977 (S MCRA) requ i res underground coal 
m ine  operations to prevent "materia l  damage" to 
renewable resource lands caused by su bsidence . 
However, what constitutes materia l  damage is not 
defi ned . Th is  paper d iscusses the appl icable criteria 
for agricu ltural l ands,  forests and graz ing  lands,  sur­
face water bodies, and  aqu ifers . Although data on 
the subject are l im ited , an  attempt is made to pre­
sent quantitative gu idel i nes to distingu ish between 
moderate and severe damage due to subsidence . 
Keyword (s) : law, surface subsidence damage, 
su rface water, subsurface water, hydrology, 
agricu ltu re, envi ron ment, land-use p lann ing ,  coal 
m in i ng ,  i nflow 
Location (s ) :  Un ited States 
S i ngh ,  M .  M . , ed . M ine  S u bsidence . Proceed ings of 
Society of M in i ng  Eng ineers Fal l  Meeting ,  
September, 1 986,  St .  Lou is,  MO, S M E, Littleton , 
CO, 1 43 p .  
Th is volume conta ins chapters on the fol lowing  
subjects : model ing and prediction , case h istories, 
regu latory aspects, and su bsidence in  hardrock 
m in i ng .  
Keyword (s ) :  coal m in ing ,  meta l m in ing ,  non ­
metal m in i ng ,  model ing ,  prediction , law 
S ingh ,  R. N . ,  S. H ibberd ,  R. J.  Fawcett . Nu merical 
Calcu lation of G roundwater I nflow to Longwal l  Coal 
Faces . I N :  Mine Water, Proceedings 2nd I nter­
nationa l  Congress, G ranada,  Spa in , September 
1 985 ,  R. Fernandez-Ru bio, ed � ,  v .  1 ,  p. 54 1 -55 2 .  
The paper describes n u merical ca lcu lat ions of 
groundwater inflow to longwal l  coal faces th rough  
heterogeneous an isotropic rock strata us ing  the  
bou ndary element method � The  inf luence of  m in ing  
induced changes in conductivity is  investigated . 
The effect of a protective layer of intact rock 
between damaged strata and water bearing strata 
is examined . Resu lts are supported by d iagra ms 
of Darcy seepage velocities . 
Keyword (s) : longwal l ,  coa l m in ing ,  hydrology, 
subsurface water, model i ng ,  bou ndary element 
S ingh , S.  P .  Grou nd Control Aspects of Lon gwa l l  
Design .  I N :  Strata Mechan ics, Proceedings of the 
Symposiu m ,  Un iversity of Newcastle-u pon-Tyne, 
Apri l ,  1 982 ,  l .W .  Farmer,  ed . ,  Elsevier, New York, 
p. 1 23- 1 28 .  
Recogn iz ing the important role to be played by 
longwal l  m in ing  in ach ievin g  the projected doub l ing  
of  coal production in  the Un ited States, the author 
endeavours to outl ine the basic considerations for 
longwa l l  design with a special focus on ground 
control measu res . The influ ence of the geological  
featu res, geotechn ical cons iderations,  seam 
characteristics and support system on the longwa l l  
design is d iscussed . The importance of des ign and 
stabi l ity of gate roadways are considered . Specia l  
emph asis is g iven to the s ign ificance of  ground  
control measu res in  the  success of  a longwal l  
design .  
Keyword (s) :  longwal l ,  m ine  design ,  g round  
control ,  coa l m in ing ,  geologic featu res, 
geotech n ical ,  roof stabi l ity 
Location (s) : Un ited States 
S ingh ,  T. N . ,  8. S ing h .  Partial Extraction to 
Min imize S u rface Subsidence .  Journa l  of M ines,  
Metals,  Fuels,  v .  1 2 , December 1 964, p .  369-379 . 
Keyword (s ) :  partial extractfon , su rface 
su bsidence damage 
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S ingh ,  T. N . ,  R .  N .  G u pta . I nf luence of Parameters 
of Packing on S u rface Protection . Journa l  of M ines, 
Meta ls, Fuels,  v .  1 6, February, 1 968,  p.  3 7-52 .  
S u bsidence mechan ics are briefly out l ined, 
fo l lowed by a discussion on the economic aspects 
of packing .  Various  packing  parameters are defined, 
i nc lud ing  compress ib i l ity, consol idation,  cemen­
tation , packing  effic iency, and pack density .  The 
resu lts of previous research are summarized for 
each parameter; usefu l information on the angle of 
draw is inc luded . 
Keyword (s) :  backfi l l i ng ,  economics, ang le of 
draw 
S ingh ,  T. N . ,  8. Singh . Angle of Draw in  M ine  
S u bsidence.  Jou rna l  of  M ines, Meta ls, Fuels,  v .  1 6, 
J u ly 1 968 ,  p .  2 53-258 . 
Th is paper ana lyzes the effect of d ifferent 
natu ral and operationa l  factors on the magn itude of 
the ang le of draw i n  mine subsidence with refer­
ence to the mechan ism of draw . It  a lso discusses 
the importance of ang le of draw in  measu r ing 
methods .  
Keyword(s ) : vertica l displacement, horizontal 
d isplacement, backfi l l i ng ,  angle of draw 
S ingh ,  T. N . ,  8. Singh . Load and Convergence 
Measu rements in Worked Out  Areas in Mines--A 
Critica l  Review. Jou rna l  of M ines, Meta ls,  and 
Fuels,  January, 1 97 1 , p .  7-2 1 . 
S i ngh ,  T .  N . ,  8 .  S ingh . Strata Movement Around  
Workings in  a Massive Formation--Equ iva lent 
Materia l  Model I nvestigation . Journa l  of M ines,  
Meta ls,  and Fuels,  v .  20, no .  9 ,  September, 1 972,  
p .  2 67-274.  
Keyword (s) : model ing 
S i ngh ,  T .  N . ,  8 .  Singh . Model  Studies of Strata 
Movement Around  a Longwal l  Face . Journa l  of 
M ines, Meta ls,  and Fuels, v. 25 ,  no .  2, February, 
1 97 7 ,  p. 3 9-43 . 
Keyword (s ) :  model ing,  longwa l l  
S ingh,  T .  N . ,  8 .  Singh . Caving of a Coal  Seam 
Under Kam ptee Aqu ifers of I ndia . I N :  Symposiu m 
on Water i n  M in i ng  and Undergrou nd Works, 
S IAMOS--78 ,  G ranada, Spa in ,  September 1 8-22,  
1 978 ,  p .  657-673 . 
A coal seam of the Chanda-Wardha Val ley of 
Maharashtra is overla in  by the Kamptee formation, 
which is reported to be h igh ly aqu iferous .  Th is 
seam developed on the bard-and-pi l lar  system has 
ra rely been depi l lared in conjunction with hydrau l ic 
stowing with a view of avoid ing water hazards .  I t  is  
proposed to try caving under th is cond ition , which 
needs anticipation of pu mping load at d ifferent 
stages of caving . I n  the absence of any field 
experience, the ind irect techn ique  of Equ iva lent 
Mine Model ing was used . On  the basis of the model 
f indings and the ava i lable hydrologica l  information , 
the l ikely pumping problem during  cav ing is 
described in th is paper. 
Keyword (s) : su bsu rface water, hydrology, coal 
m in ing ,  room-and-pi l lar, pi l lar extraction , mode l ing ,  
geologic features 
Location (s) : I ndia 
S inha ,  K.  M. Hydrau l ic Stowing--A Solution for 
Su bsidence Due to Underground M in ing  i n  ·th e  USA. 
I N :  Rock Mechan ics as a G u ide to Effic ient Uti l i za­
t ion of Natural Resou rces, Proceed ings 30th U . S .  
Symposium,  1 989 ,  A .W. Kha i r, ed . ,  Ba lkema,  
Rotterdam,  p .  827-834.  
Hydrau l ic stowing,  which is being practiced in  
several major coa l  produc ing countries to deal  with 
adverse min ing  conditions, usua l ly perm its a lmost 
1 00% coal recovery from underground m ines with 
min ima l  and control led surface subsidence.  It  can 
be implemented in  coa l  m ines in  the Un ited States 
to reduce the severe effect of land subsidence and 
at  the same t ime improve the  cost of  coa l  produc­
tion ,  both of which are major setbacks for the coal 
industry in  the Un ited States . 
Keyword (s) :  coa l m in ing ,  economics, 
environment, land-use plann ing ,  reclam ation , m ine  
waste, hydrau l ic backfi l l i ng ,  stowin g  
Location (s) :  I l l i nois, I l l ino is Coal Bas in ,  Un ited 
States 
S iriwardane, H .  J . ,  J .  Amanat .  Pred iction of 
Su bsidence in H i l ly Ground Terra in  Us ing F in ite 
Element Method . I N :  Proceed ings 2nd I nternationa l  
Conference on Stabi l ity i n  Underground M in ing ,  
A . 8 . Szwi lski and C . O .  Brawner, eds . ,  1 984, S M E­
AI M E, New York, p .  554-57 5 .  
Keyword (s) :  prediction,  fin ite e lement, geologic 
featu res 
S i riwardane, H .  J . ,  J .  Amanat.  Ana lysis of 
Su bsidence Caused by Underground M in in g .  
I nternational Journal  o f  Min ing  Eng ineering ,  v .  2 ,  
no .  4 ,  1 984, p .  27 1 -290.  
Some aspects of subsiden ce caused by longwal l  
coal  min ing are ana lysed us ing the fin ite e lement 
method . Resu lts of the ana lysis are compared with 
a true mine panel ,  where measurements on 
subsidence were avai lable . Rock deformations in 
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the overburden were modeled us ing an elasto­
p lastic constitutive model . The study ind icates that 
the shape of the subsidence profi le can be predicted 
reasonab ly well us ing  non l i near f in ite element 
an a lysis . 
Keyword (s ) :  coal m in ing ,  longwa l l , model ing ,  
f in ite e lement, overbu rden , e lastic model, 
pred iction , empir ical model,  phenomenological  
model 
Location (s) :  Un ited States 
S i riwardane,  H .  J .  A Nu merical Procedure for 
Pred iction of Subsidence Caused by Longwal l  
M in ing .  I N :  Proceedings 5th I nternational  
Conference on N umerical Methods in  
G eomechan ics, Nagoya, Japan ,  Apri l  1 -5 ,  1 98 5 .  
A n umerical procedure ,  based o n  the non l inear  
f in ite e lement ana lysis, was developed for  the 
predict ion of  subsidence profiles over longwal l  m ine 
pane ls .  The behavior of  the overburden rock was 
modeled us ing an elasto-plastic constitutive model . 
Keyword (s) : fi n ite e lement, model ing,  
prediction ,  longwal l ,  phenomenological model,  
e lastic model ,  overburden 
Location (s) : Un ited States 
S i riwardane,  H .  J .  Some Aspects of Analysis and 
Pred iction of S u bsidence . I N :  Rock Masses : 
Mode l ing  of Underground Open ings/Probabi l ity of 
S lope Fa i l u re/Fracture of I ntact Rock, Proceedings, 
Sympos ium sponsored by Geotech n icaL Eng ineering 
Divis ion of ASCE,  in  conjunction with ASCE 
Convention ,  Denver, CO , Apri l  29-30, 1 985 ,  p .  
2- 1 3 . 
A procedu re,  based on the non l inear f in ite 
e lement ana lysis, was investigated for the predic­
t ion of su bsidence caused by longwal l  m in in g .  This 
paper presents a case study involving predictions of 
subsidence at a coal  m ine  panel  for which a con­
siderable amount  of data was avai lable in  the l itera­
tu re .  Aspects of the se lection of materia l  properties 
and shape of the su bsidence profi le are discussed . 
Keyword (s) : fi n ite element, pred iction,  longwal l ,  
m ode l ing ,  coa l  m in ing 
Location (s) :  Un ited States 
S i riwardane,  H .  J .  Nu merical Model l i ng  of the 
Beh avior of Overbu rden Rock Masses Associated 
with Longwa l l  M in i ng .  I N :  Research & Engineering 
Appl ications in  Rock Masses, Proceed ings 2 6th 
U . S .  Symposiu m  on Rock Mechan ics, South Dakota 
School  of Mines & Technology, Rapid City, June  
2 6-28 ,  1 985 ,  E .  Ashworth , ed . ,  Balkema, 
Rotterdam,  1 985 ,  p .  1 7 1 - 1 77 .  
This paper presents two approaches based on 
the f in ite e lement method for model ing  the behavior 
of overbu rden rock masses over longwal l  m ine  
panels for pred icting surface subsidence . Resu lts 
obta ined from a case study are presented . 
Keyword (s) :  model i ng ,  prediction , fi n ite 
element, conti n u u m  mechan ics, longwal l ,  computer, 
overburden 
Location (s) :  West Virg in ia ,  Appalach ian Coal 
Region ,  Un ited States 
S i riwardane, H .  J . ,  H .  Raml i ,  J .  Amanat .  Com­
parison of Predictions and Measurements of 
Subsidence Caused by Underground M in ing  in 
Northern Appalach i a .  I N :  Proceedings 7th 
I nternational  Conference on G round Control i n  
M in ing ,  Morgantown , WV,  August 3 -5 ,  1 988 ,  S . S .  
Peng,  ed . ,  Department of M in i ng  Eng ineering ,  West 
Virgin ia Un iversity, p. 1 63- 1 73 .  
This paper presents resu lts from three case 
studies involving  longwa l l  mine panels at which the 
measured ground movements were compared with 
the nu merical model pred ictions based on the f in ite 
element method .  A new approach cal led the 
"d isplacement approach"  was used in th is  study.  
The general concept of  th is method is based on the 
assu mption that tota l roof col lapse occu rs beh ind  
the  mine face as i t  advances . Th is  assumption 
appears to be true for a lmost al l  longwa l l  m in ing  
conditions .  The  prediction based on the  numerica l 
model appears to compare wel l  with the 
measurements . 
Keyword (s) :  longwal l ,  pred iction,  empirical  
model,  fin ite element, roof stabi l ity, model i ng ,  coal  
m in ing ,  su rface subsidence damage, su rface 
structu ra l damage, bitu minous,  mathematical 
. model, conti nuum mechan ics, Nationa l  Coal Board , 
· profi le fu nction, computer, geolog ic featu res 
Location (s) :  West Virg in ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
S i riwardane, H .  J . ,  J .  Amanat .  Displacement Based 
Approach for the Prediction of Subsidence Caused 
by Longwa l l  M in ing  Using Numerical Methods .  I N :  
Computer Methods and Advances i n  G eomechan ics, 
Proceedings 7th I nternationa l  Conference, Cairns 
OLD Austra l ia ,  May 6- 1 0, 1 99 1 ,  G .  Beer, J . R .  
Booker, and J . P .  Carter, eds . ,  v .  2 ,  Balkema, 
Rotterdam,  p .  1 3 87- 1 392 . 
An improved procedu re, cal led the 
"displacement approach11 for predicti ng the 
magn itude of su bsidence over longwa l l  mine panels 
was developed . This approach is based on h istory 
match ing concept us ing fi n ite e lement and 
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displacement d isconti nu ity methods . Here, 
measured ground movements at a nu mber of m ine  
pane ls  were u sed in  developing and verifying  the  
m odel . The genera l concept of  the  method is based 
on the assu m ption that roof col lapse occurs beh ind 
the m ine  face as it advances . Based on the resu lts 
of a typical  case presented in the paper, as wel l  as 
the resu lts for a n u m ber of other cases, the authors 
conc lude that the predictive capabi l ity of maxim u m  
subsidence h as been s ign ificantly improved . 
However, the predictive capabi l ity of the shape of 
the su bsidence profi le needs further improvements . 
Keyword (s) : prediction ,  computer, longwal l ,  
coa l  m in ing ,  f in ite e lement, model ing,  rock 
mechan ics 
Location (s) : West Virg in ia ,  Appalachian Coal 
Reg ion , Un ited States 
S iska, L.  Problems Relating to Coal Extraction in 
Seams Conta in ing  Strong Sandstones in  the 
Overlyin g  Strata . IN : 5th International  Strata 
Control Conference, London, 1 972,  Paper 24, 1 2  p . 
Th is paper ana lyzes specific problems related to 
m in ing  d iscontin uous seams with variations in seam 
he ight .  It i nd icates that low density supports are 
needed to operate under th ick sandstone roofs . 
Keyword (s) : m ine  operation,  grou nd contro l ,  
overburden , roof support, coa l m in ing  
S kel ly and Loy, I n c .  G u idel ines for Min ing  Near 
S u rface Water .  Report to U . S .  Bureau of M ines, 
Contract No. H0252083, 1 977,  1 90 p.  (NTIS PB 
2 64728/AS) 
Keyword (s) :  surface water, mine design ,  m ine 
operation 
Location (s ) :  Un ited States 
Ske l ly, W. A . ,  J .  Wolgamott, F-D .  Wan g .  Coal Mine 
P i l lar  Strength and Deformation Pred iction Th rough 
Laboratory Sample Testing . I N :  Energy Resou rces 
and  Excavation Technology, Proceedings 1 8th U . S .  
Rock Mechan ics Symposium,  Keystone, CO, June  
22-24, 1 977,  F-D .  Wang  and  G . B .  Clark, eds . ,  
Colorado School o f  Mines Press, Golden , p .  2 B5- 1 -
-2 B5-5 . 
This paper presents resu lts of a study that 
inc ludes measu rement of p i l lar  strength and defor­
mation i n  s itu I as wel l  as laboratory compression 
tests of smal l  specimens .  Field and laboratory data 
are com pared with predictions of p i l lar  stren gth 
calcu lated from several empir ical equations sug­
gested for use in p i l lar  design . F ie ld research was 
conducted in an u n derground mine in southern 
West Virg i n i a .  
Keyword (s ) : p i l lar  strength , g round contro l ,  
prediction ,  coal m in ing ,  lab testing ,  in  s itu testing ,  
rock mechan ics, instru mentation 
Location (s) : West Virg in ia ,  Appa lach ian Coal 
Reg ion,  Un ited States 
Skempton,  A. W . ,  D. H. MacDonald . Al lowable 
Settlements of Bui ld ings.  I N :  Proceed ings,  
Institution of Civ i l  Eng ineers, Part I l l ,  1 965,  v .  5 ,  p .  
727 . 
Keyword (s ) :  surface structural damage, 
eng ineering  
Skinderowicz, 8 .  Zasady Wyznaczan ia  F i larow 
Ochronnych Dia Pokladow Nachylonych ( Princ iples 
of Determination of Su rface Protectin g  P i l lars in 
Exploitation of Steeply Dipping Coal Seams) .  
Przeglad Gorn iczy, v .  2 5 ,  n o .  6 ,  1 969 ,  p .  294-2 9 7 .  
Keyword (s) : coal m in ing ,  p i l lar  strength 
Skinderowicz, B .  Rownan ie Pelnej Nie Usta lonej 
N iecki Osiadan ia ( Equation of a Fu l l  Nonstabi l ized 
Subsidence Trou g h ) .  Przeglad Gorn iczy, v .  33,  n o .  
2 ,  1 977,  p .  75-7 9 .  
Keyword (s) : model ing 
Skinderowicz, 8 .  Description of Min ing Methods for 
Min im iz ing the Effect of M in ing  Work on the S u r­
face . Phase I ,  Task No .  4. S u bsidence Prediction 
and Control Project No . 1 4-0 1 -000 1 - 1 45 1 ,  Central 
M in ing  I nstitute, Katowice, Poland,  March , 1 978 ,  
20 p .  Translation , Joint Research Project th rough  
the  Maria Sklodowska-Curie Jo int  F u n d .  
Keyword (s) : m i n e  design ,  m i n e  operation , 
ground control 
Location (s) : Poland 
Skinderowicz , B .  Subsidence Prediction and 
Contro l ,  Phase 1 :  The State of  Knowledge in  Poland  
Concern ing the  I nfluence of  M in ing  Exploitation on  
the  Su rface . U . S .  Department Energy Contract 
DO E/TIC- 1 1 48 1 ,  Centra l M in ing  I nstitute, 
Katowice, Poland,  F ina l  Report, Phase 1 ,  1 978 ,  3 9  
p .  ( NTIS DOE/TIC- 1 1 48 1 )  
Th is report examines the geologic and m in ing  
cond itions and subsidence problems of  1 2  coal  
mines located in the Appalach ian Region , I l l i nois 
Bas in ,  and Rocky Mou nta in  Region . Remarks and 
suggestions are made on  subsidence prediction and 
control on  the  basis of  the  mines inspected . 
Keyword (s) : vertica l d isplacement, horizontal  
d isplacement, subsu rface water, mine desig n ,  
pred iction ,  ground control ,  coal m i n i n g ,  geologic 
featu res 
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Location (s) : Poland,  Appalach ian Coal Region , 
I l l i nois Coal Bas i n ,  Rocky Mountain Coal Reg ion , 
Un ited States 
S laden , J .  A . ,  C. S .  Bod imeade, V. R. Jobl i n g .  S ite 
I n vestigation and Urban Development G u ide l ines 
with Respect to M in ing  Su bsidence Hazards--Two 
Exam ples from Alberta, Canada . I N :  Mineworkings 
84 :  Proceedings Internationa l  Conference on 
Construction in  Areas of Abandoned Mineworkings, 
Ed in burgh ,  1 984, M .C .  Forde, B . H .V .  Topping,  
H .W .  W h ittington ,  eds . ,  Eng ineering  Tech n ics 
Press, p .  1 96-220 .  
Keyword (s ) : land-use plann ing ,  abandoned 
m ines 
Location (s) : Canada 
S lage l ,  G.  E .  Key Regu latory l ssues--Planned and 
Control led Su bsidence . I N :  M ine  Subsidence, 
Society of Min ing  Eng ineers Fal l  Meeting,  St. Lou is ,  
MO,  September, 1 986,  M . M .  S ingh , ed . ,  S M E, 
Littleton ,  CO, p .  93-9 6 .  
The 1 974 su rface m i n i n g  law showed that Con­
g ress considered removing  a l l  the coal from an area 
and caus ing subsidence in  a predictable and u n iform 
man ner to be equa l  to or better than leavin g  sup­
port coal and caus ing no subsidence . Whi le the 
actua l  provision in  the b i l ls  ta lked of preventing 
subsidence, a su bsequent exception made it c lear 
that the rea l intent was to control it . The author 
feels that the orig ina l  i ntent  of Congress has been 
changed from one of contro l l ing subsidence to one 
of m in im iz i ng  damage.  Th is paper reviews the sur­
face m in i ng  law, subsidence aspects, d ifferences 
between state a nd federal regu lations, and offers 
suggestions on possible ways for the coal industry 
to deal  with these issues . 
Keyword (s) : law, environ ment, coa l m in ing ,  
government, part ia l  extraction , hydrology, 
subsurface water, longwal l ,  active mines, m ine  
des ign ,  m ine  operation 
Location (s) : I l l i no is, I l l i nois Coa l Basin ,  
Pen nsylvan ia ,  Appalach ian Coal Region , Un ited 
States 
S loan ,  P . ,  R. C. Warner .  A Case Study of G round­
water Impact Caused by Underground M in in g .  I N :  
Proceedings,  Sympos ium o n  Surface Min ing ,  
Hydrology, Sed imentology, and Reclamation,  
Un ivers ity of Kentu cky, Lexington ,  December 2-7,  
1 984, p .  1 1 3- 1 20.  
An investigative methodology is presented to 
ass ist m in ing  and regu latory personnel in deter­
m in i ng  the effect u n derground min ing  can h ave on 
local aqu ifers in the Appa lach ian coa l region . The 
impact of underground min ing on g rou ndwater may 
be more extens ive than first rea l ized . The pr imary 
reason for th is possib le u nderassessment of deep 
min ing ' s  influence on groundwater is  the methods 
used to calculate groundwater movement.  In many 
cases, g roundwater flow times and the corres­
pond ing areas of inf luence are much greater than 
those assu med because water is rap id ly moved 
through fractured zones that common ly occur  
throughout Appalach ia . 
Keyword (s) : subsurface water, hydrology, coal 
m in ing  
Location (s) : Kentucky, Un ited States 
Smal l ,  J .  B. Settlement I nvestigations in the Vicin ity 
of Ga lveston-Houston ,  Texas, and San Joaqu in  
Va l ley, Cal iforn i a .  Journa l  of  Geophysical  Research ,  
V .  64,  1 959 ,  p .  1 1 24- 1 1 25 .  
Keyword (s) : flu id  extraction 
Location (s) : Texas, Cal iforn ia ,  Un ited States 
Smart, B. G .  D . ,  A. K.  I saac, P . A .  Carr .  The 
E l im ination of Rib Pi l lars Between Adjacent 
Longwal l  Coalfaces . I N :  Rock Mechan ics : A State 
of the Art, Proceedings 2 1 st Sympos ium on Rock 
Mech an ics, May 28-30, 1 980, D .A .  S ummers,  ed . ,  
Un iversity of Missou ri a t  Rol la ,  p .  3 1 9-355 . 
British longwal l  coal m in ing  h as traditiona l ly 
used a pair  of s ing le gateroads to serve each pane l ,  
r ib  p i l lars being  left between adjacent panels .  The 
widths of these p i l lars are determined with stabi l ity 
as the design criterion either by empirical formu la ,  
or loca l experience, and range from a few meters to 
tens of meters . Consideration is bein g  g iven , 
however, to the e l imination of these p i l l ars for 
reasons of maximiz ing extraction of reserves, cost 
savings, and development time savi n g .  
Keyword (s) : coal m in ing ,  longwal l ,  m i n e  design ,  
economics, i nstrumentation 
Location (s) : Un ited Kingdom 
Smedley, N. Su bsidence Management in  the North 
Derbysh i re Area . M in ing  Eng ineering ,  London,  v .  
1 36, no .  1 88,  December 1 976-January 1 977 ,  p .  
1 85- 1 92 .  
Keyword (s) : g round control 
Location(s) : Un ited Kingdom 
Smelser, R .  E . ,  0. Richmond, F.  C .  Schwerer .  
I nteraction of Compaction Near Mine Open ings and 
Dra inage of Pore F lu ids from Coa l Seams . 
I nternation a l  Journa l  of Rock Mechan ics and M in i ng  
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Sciences & Geomechan ics Abstracts, v. 2 1 ,  no .  1 ,  
February, 1 9 84, p .  1 3-20. 
The long range transport of gas and water 
th rough  coal seams is general ly thought to occu r  
th rough  a natu ral fractu re network, cal led cleats, 
existin g  in  the coal seam . During min ing ,  the over­
burden load formerly su pported by the excavated 
coal is  transferred to the nearby p i l lars and abut­
ments .  This added load ing wil l  cause the coa l seam 
to yield, or deform p lastica l ly,  close to the m ine  
open in gs . I n  addition , the  stresses acting to  deform 
the coa l seam--and consequently, the size of the 
yield zone--are a lso inf luenced by changes in  the 
fl u id pressu re in the natural  fractu re network.  I n  the 
present work, a model of the yielded reg ion is 
developed that fol lows the ideas proposed by 
Dugda le for y ie ld ing in  meta l sheets . The Dugdale 
model is genera l i zed to inc lude the effects of 
changes i n  the pressu re (dra inage) of f lu ids ' in  the 
natura l  fracture network. Changes in porosity and 
permeab i l ity resu lt ing from additiona l  m icrofrac­
tu rin g  in the yielded zone are calcu lated based on 
th is model . 
Keyword (s) : coa l m in ing ,  hydrology, subsurface 
water, overbu rden,  model i ng ,  overbu rden 
Smith , A . ,  R. E .  Col l in s .  The Extraction of Barrier  
Pi l l a rs Between Adjacent Longwa ll Panels at the 
Durban Navigation Col l ieries ( Pty) Ltd . Journa l  of 
South African Institute of Min ing and Meta l l u rgy, v .  
85 ,  n o .  4, Apri l ,  1 985 ,  p .  1 25- 1 30.  
The practice of leaving barrier p i l lars between 
adjacent longwal l  panels at the Durban Navigation 
Col l ieries (Durnacol ) has resu lted in  a considerable 
loss of coal reserves . Du rnacol has now modified 
the layout of its longwal l  panels to al low the con­
cu rrent min ing of  barrier p i l lars and the extraction of 
the longwal ls . The implementation of the new panel 
layout has increased the percentage extraction of 
reserves and wi l l  resu lt in an extension of the l ife of 
the m ine .  The method of extracting barrier p i l lars 
between adjacent longwal l  panels is described in  
th is  paper.  
Keyword (s) : longwal l ,  coal m in ing ,  p i l lar  
extraction 
Location (s) : South Africa 
Sm ith , M .  Coal Mine Su bsidence in Wash ington 
State; I nventory of a Geologic Hazard .  I N :  
Geological  Society of America Abstracts with 
Programs, Cord i l leran Section , 7 1  st Annua l  
Meeting ,  Los Angeles, CA, March 25-27 ,  1 975,  p .  
3 7 7 .  ( NT IS  Accession No . 77-4543 1 )  
Keyword(s) : eng ineering ,  coa l m in i ng ,  land-use 
plann ing  
Location (s) : Wash ington ,  Un ited States 
Smith , P. A Nationa l  Mine Subsidence Eng ineering  
Research Program .  U .S . Department of  Energy 
Contract W-7405-ENG36, Los Alamos Scientific 
Laboratory LA-8907-MS, J u ly, 1 98 1 ,  47 p. (NTIS 
LA8907-MS) 
Th is report suggests a logical  approach to 
choosing and sequencing research activities to 
atta in  a su itable set of techn iques for predictin g  the 
damaging consequences of mine subsidence . The 
deta i l  requ i red for damage predictions varies from 
customers who conduct reg iona l  i mpact assess­
ments to su bsidence hazard eng ineers who a re 
concerned with a particu lar  structu re to be u nder­
mined . High priority research needs inc lude the 
followin g :  a Nationa l  Mine Subsidence Information 
Management Center, empirical surface and 
subsurface su bsidence damage correlations for 
practice in the Un ited States, a comprehensive 
study of influence fu nction subsidence predict ion 
tech n iques,  fin ite element computer code ref ine­
ments for fu l l -extraction subsidence prediction and 
eng ineering  geology approach to assessing  the 
t iming of room-and-pi l lar  subsidence, and wel l ­
designed field observations i n  support of  a l l  
research needs . 
Keyword (s ) :  subsidence research , pred ict ion ,  
land-use plan n ing ,  surface structu ra l damage,  
influence function ,  fin ite element, computer, room­
and-p i l lar, longwal l ,  eng ineering 
Location (s) : Un ited States 
Smith , R .  M. Update on Overbu rden Characteristics . 
I N :  American Min ing  Congress Coal Convention 
Session Papers Set No. 3 ,  P ittsburg h ,  PA, May 1 -4, 
1 977, 1 7 p .  
The author outl ines methods of sampl ing and 
characteriz ing coal mine overbu rden to  a id m in ing  
and reclamation plans .  
Keyword (s) : reclamation,  overburden , coal 
m in ing ,  mon itoring insta l lation , mine design 
Location (s) : Un ited States 
Smith , W. C. Eva luation of Progressive R ib  Fa i l u re 
in Th ick Coal Seams . S M E  Preprint 89- 1 74, for 
presentation at S M E  An nua l  Meeting ,  Las Vegas, 
NV, February 27-March 2 ,  1 989 ,  7 p .  
Even with the most conservative m ine  p lan ,  r ib 
instabi l ity can occur unexpectedly and,  if not 
adequately dealt with , can progress from a 
nu isance to a major safety hazard .  This USBM 
paper  examines the  mech an isms of  progressive r ib 
fa i l u re i n  high mine open ings and discusses 
techn iques to control rib s labbing .  A field test s ite 
in a longwal l  m ine was i nstru mented to i nvestigate 
r ib behavior du ri ng  m in in g .  Although data ana lysis 
showed m inor p i l l a r  d i lation ,  sporadic zones of 
progressive rib i nstab i l ity were detected , wh ich 
cu lm inated in  eventual  r ib fai l u re .  The fa i l u re 
occu rred despite conservative p i l lar  d imensions and 
sha l low depth . Physical and computer models were 
· used to demonstrate the mechan isms of rib fa i l u re 
and then eva luate the inf luence of support and 
other mine-related parameters on r ib  behavior.  
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Keyword (s) : coal m in ing ,  mine design ,  longwal l ,  
i nstru mentation,  p i l lar  strength , model ing ,  
computer, m ine  safety 
Location (s) : Rocky Mountain Coal Region , 
Un ited States 
Sm ith , W .  C. R ib  Stabi l ity : Practica l Considerations 
to O pt imize R ib Design . U . S .  Bu reau of Mines I C  
9 3 2 3 ,  1 992 ,  1 6  p .  
T h e  US BM examined previous research o n  r ib 
stabi l ity to develop a practical approach to under­
stand ing ,  characteri z ing ,  and contro l l ing weak  rib 
conditions in  u n derground coal mines .  Because 
success i n  stab i l i z ing ribs depends on a basic 
knowledge of how weak ribs behave, the report 
reviews the mechan ics of rib fa i l u re and the rela­
t ionsh ip  of coal mine geology and p i l lar  constraint  
to r ib i nstabi l ity . Strategies for  choosing an effec­
tive method of rib support are considered, and 
various rib support methods a re discussed . F ina l ly, 
the report documents techn iques for mon itorin g  ribs 
and  use of models to assess rib stabi l ity; such 
mon itorin g  and model ing can a lso he lp determine 
the most effective method for roof support .  
Keyword (s) : roof support, coa l m in ing ,  geologic 
features, mine safety 
Location (s ) :  Un ited States 
Sneed, L .  A . ,  R. Su mner.  Longwal l  M in ing Beneath 
A State H ighway - Case H istory. I N :  Mine 
S u bsidence - Prediction and Control ,  Nationa l  
Symposiu m,  33rd An nua l  Meeting  Association of 
Eng ineering  G eolog ists, October 2-3, 1 990, 
Pittsburgh ,  PA, C . D .  El ifrits , ed . ,  p. 269-270.  
I n  Ju ly 1 98 8 ,  Old Ben Coal  Company under­
m ined and su bsided I l l inois State H ighway 1 49 by 
u se of the longwal l  m in ing  method . Th is was the 
fi rst time in  the State of I l l inois th at such plan ned 
s ubsidence m in ing  was done beneath a state 
h ighway. This paper outl ines the steps fol lowed in  
p lann ing ,  mon itoring  and effecting  repa i rs .  
Keyword (s} : roads, active mines, coal m in ing ,  
longwal l ,  mon itoring methods, m itigation 
Location (s} : I l l i nois, I l l i nois Coal Bas in ,  Un ited 
States 
Snodgrass, J .  J . ,  D .  A. Newman . An In S itu 
Techn ique for the Assessment of Fa i lu re in  Coal 
P i l lars .  I N :  Research & Engineering  Appl ications in  
Rock Masses, Proceedings 26th U . S .  Sympos ium 
on Rock Mechan ics, South Dakota School  of  M ines 
& Technology, Rapid City, J u ne 26-28,  1 985 ,  E .  
Ashworth , ed . ,  Ba lkema, Rotterdam,  p .  1 1 8 1 - 1 1 88 .  
A coal p i l lar  comprises two d istinct zones,  a 
sol id elastic core enclosed and confined by an  
exterior of  fai led or yielded coa l .  I n it ia l ly the elastic 
core-yield zone bou ndary is  located immediately 
adjacent to the p i l lar  edge .  As the p i l lar  load 
increases, the boundary migrates towards the 
center of the p i l lar, u lt imately cu lm inat ing in  p i l lar  
fa i l u re .  The abi l ity to del ineate the e lastic core-yield 
zone boundary in  the field is therefore of fundamen­
ta l  importance .  A dry-hole son ic velocity logg ing 
probe was used to define the bou ndary on the basis 
of son ic velocity profi les . 
Keyword (s) : p i l lar  strength , mon itorin g  
equ ipment, mon itoring methods, room-and-p i l lar, 
longwal l ,  in situ testing 
Location (s} : Utah ,  Rocky Mounta in  Coal Reg ion , 
West Virg i n ia ,  Appalach ian Coal Region, Un ited 
States 
Snow, R. E .  Estimation and Contro l  of G round 
Water Inflow and Discharge from Underground  
Mines . S M E  Prepri nt 90- 1 1 7 , for presentation at 
S M E  Annua l Meeting ,  Sa lt Lake C ity, February 26-
March 1 ,  1 990, 9 p .  
The objective of th is paper is  to d iscuss the 
practical appl ications of mine inflow and d ischarge 
ana lysis, describe the typical  f low components, 
outl ine the procedu res necessary to perform the 
an alysis, and i l l ustrate the model ing procedu res and  
potential  resu lts of  m ine  inflow a n d  d isch a rge 
predictions .  
Keyword (s} : subsurface water, hydrology, 
model i ng ,  environ ment, coal m in i ng ,  inflow 
Location (s) : Un ited States 
Snowden , J .  0 . , W. 8. Simmons, E. 8. Traughber, 
R. W. Stephens .  Differential  Su bsidence of 
Marsh land Peat as a Geologic Hazard in  the G reater 
New Orleans Area, Lou is iana . Transactions,  G u lf 
Coast Association Geological Society, 27 ,  1 977 ,  p .  
1 69- 1 7 9 .  
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Keyword (s) : flu id extraction , geologic featu res, 
soi ls 
Location (s} : Lou is iana,  Un ited States 
S n owden , J .  0 .  Dra inage- I nduced Land S u bsidence 
in Metropol itan New Orleans,  Lou isiana ,  USA. I N :  
Land  S u bsidence,  Proceedings 3rd I nternationa l  
Symposiu m ,  Venice,  Italy, March 1 9-25, 1 984, A. I .  
Johnson , L.  Carbogn in ,  and L.  Uberti n i ,  eds . ,  
I n ternationa l  Association Hydrological Sciences 
Pu bl ication No .  1 5 1 ,  1 986,  p. 507-527 .  
Now that the  relationsh ip  between dra inage and  
l and  su bsidence is relatively wel l understood in  the 
New Orleans reg ion ,  it is  possible to pred ict areas 
that h ave the potentia l  for futu re hazardous sub­
sidence .  Present d ra inage systems shou ld be 
modified and  futu re systems des igned to keep 
subsidence-prone sediments and soi ls as wet as 
possible . Water table ·levels should be kept as h igh  
as possible . Thorough geolog ical  and geotech n ical 
su rveys shou ld  be done prior to fu rther dra inage 
projects with in  the Mississippi R iver de lta p la i n .  
Keyword (s } :  f lu id extraction , soi ls 
Location (s } :  Lou is iana ,  Un ited States 
Soi l  Testin g  Services, I nc .  HUD - Mine Su bsidence 
Eva l uation Manua l .  J u ne 30, 1 97 6, 45 p .  
Under ord inary c i rcu mstances, the intent of th e 
design of foundations h as the primary goals of 
provid ing  a reasonable factor of safety aga inst 
fa i l u re and of l im it ing or m in imiz ing damage 
movements . However, many wel l  located sites on 
which intense m in i ng  activity has occu rred in  the 
past, and i n  which time-related mechan isms of 
su bsu rface deformation and deterioration are now 
operating ,  are expected to exh ibit futu re subsidence 
and h orizontal d isplacements . Housing development 
on such s ites shou ld be done with the rea l ization 
that the potentia l  for damaging movements 
defin itely exists . 
Keyword (s} :  coa l m in ing ,  time factor, horizontal 
d isp lacement, p i l lar  strength, fou ndations, construc­
tion , land-use p lan n ing,  surface structu ra l damage 
Location (s } : Un ited States 
Sopworth , A. Discussions of Subsidence Due to 
Coal Workings .  I n stitution of Civil Eng ineers, 
M inutes of Proceed ings,  v.  1 35, 1 898,  p. 1 65- 1 67 . 
Keyword (s} : h istorica l ,  coal m in ing 
Location (s} : Eng land 
Sorenson , W .  K . ,  W .  G .  Pariseau . Statistical 
Analysis of Laboratory Compressive Strength and 
You n g ' s  Modu lus  Data for the Design of Production 
Pi l lars in Coa l Mines .  I N :  Proceedings 1 9th U . S .  
Symposium o n  Rock Mechan ics, Statel ine ,  N V ,  May 
1 -3 ,  1 978 ,  Y.S .  Kim,  ed . ,  Un iversity of Nevada­
Reno, p .  30-37 .  
Sample statistics (mean ,  standard deviation , 
coefficient of variation , regress ion l ine  s lope and 
intercept, correlation coefficient) obta ined from 
statistical ana lyses of a total of 3 7 1  tests for u n ­
confined compress ive strength a n d  Young 's  modu ­
lus  performed on  test cyl inders hav ing nomina l  
d iameters of  1 ,  2 ,  4, 6, 8 ,  and 1 2  inches, and 
height-to-diameter ratios of  1 /2, 1 ,  1 - 1  /2,  and 2 a re 
presented . The paper d iscusses some of the 
poss ible impl ications of such data for "size 
effects" and the design of production p i l lars in 
coa l mines .  
Keyword (s) :  rock mechan ics, p i l lar  strength , 
mine design ,  lab testing ,  coa l m in ing  
Location (s) : Un ited States 
Sossong, A. T. Subsidence Experience of 
Beth lehem Mines Corporation in Central 
Pen nsylvan ia . I N :  Proceedings,  4th Ann ua l  
Sympos ium o n  Subsidence in M ines,  Wol longong,  
Austra l ia ,  February 20-22 ,  1 973,  A.J .  Hargraves, 
ed . ,  Paper 5 ,  Austra lasian Institute of M in i ng  and 
Meta l lu rgy, l l lawarra Branch,  p .  5- 1 --5-5 . 
Although min ing  was conducted in the Cambria 
Cou nty area of Central Pen nsylvan ia for more than 
7 5  years, su rface su bsidence was not g iven serious 
consideration unti l  1 966 . At that  t ime,  the state 
drafted legislation making the coa l operators 
responsible for any damage caused as a resu lt of 
min ing  to any private dwel l ing or pu bl ic bu i ld in g .  At 
about the same time, Beth lehem Mines Corporation 
was introduc ing the f irst successfu l  longwa l l  m in i ng  
system in  Pennsylvan ia . With conventiona l  m in i ng ,  
the  p i l lar  l i ne  was from 300 to  400 feet. With long­
wa l l ,  th is figure became 600 feet wide . S u bsidence 
su rveys of th i rd order were conducted over both 
longwal l  and conventiona l  sections .  Min imal  p i l lar  
design changes have been attempted to control 
su bsidence because poor roof conditions and th ick 
overbu rden mandate wide p i l lar  l i nes to mine 
economical ly.  Support p i l lars are necessary in  
heavily populated areas, under wide concrete 
interstate h ighways, and under breasts of water 
reservoirs .  
Keyword (s) : m i n e  operation , coa l m i n i n g ,  active 
mines, longwal l ,  surface water, roads, law, su rvey 
methods, bitu m inous, mine design 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
3 5 4  
Souder, W. E . ,  E .  R .  Pa lowitch . The G rowth of 
Lon gwal l  Technolog ies in the Un ited States . I N :  
S M E-AI M E  M in i  Sympos ium Series 79-05, 1 979 ,  p .  
7- 1 6 . 
Keyword (s) : m ine design ,  mine operation,  
longwal l  
Location (s) : Un ited States 
South African M in i ng  and Eng ineering Jou rna l . 
Problems Associated with Bu i ld ing on Undermined 
G round .  v .  82 ,  no .  4048 , 1 970, p .  769-74 1 . 
Keyword (s ) : eng ineering ,  construction ,  surface 
structu ra l damage, abandoned mines 
Location (s) : South Africa 
South. Wa les I nstitute of Eng ineering .  The 
Pneumatic Stowing  of Longwa l l  Faces in South 
Wa les . I N :  Proceedings,  v .  63 , no .  2, 1 947, p .  30.  
Th is  paper  describes the use of pneu matic 
backfi l l i ng  as an a lternative to hand packing for roof 
control in longwal l  coa l m ines .  
Keyword (s) : pneu matic backfi l l i ng ,  longwa l l ,  
coa l  m in ing ,  roof support 
Location (s) : Wales 
Southwestern I l l i nois Metropol itan and Reg iona l  
P lan n ing  Commission . Mine S u bsidence : A G u ide­
book for Local Offic ia ls .  I l l inois Department of 
M ines and M inera ls,  and Abandoned Mined Lands 
Reclamation Cou nci l ,  June 1 983, R . S .  Pocreva and 
R . K .  Thompson ,  assistants, 1 48 p .  
This booklet was designed for I l l i nois com­
m u n ity off ic ia ls to detai l  th e characteristics of 
subsidence . It examines a series of options ava i lab le 
to local govern ment to deal with subsidence, i nclud­
i ng  the I l l i nois M ine  Subsidence Insurance Fund,  a 
su bsidence preparedness p lan ,  publ ic  faci l i ty con­
struction pol ic ies, land development ord inances, 
and u n derground mine perm it processes . 
Keyword (s) : vertical d isplacement, horizontal 
d isplacement, law, land-use plann ing,  govern ment, 
i nsurance, construction,  mine operation,  land 
va lues, su rface structural damage,  abandoned 
m ines, roads, uti l it ies, bitu minous,  coa l m in ing ,  
meta l m in ing ,  non-meta l m in ing 
Location (s ) :  I l l i nois, I l l i nois Coal Basin ,  Un ited 
States 
Savine,  I . , N. Hass, M. R ibic ic .  Prediction and 
Eva luation of S u bsidence Above a Th ick Coal Sea m .  
I N :  Proceedings Internationa l  Symposium on 
N u merical Models in Geomechan ics, Zu rich , 
September 1 982 ,  p .  8 1 4-8 1 9 . 
Keyword (s) : prediction ,  coa l m in ing  
Sowers, G .  F .  Mechanisms of Su bsidence Due to 
Underground Open ings .  I N :  Subsidence Over M ines 
and Caverns, Moistu re and Frost Actions,  and 
Class ification, Transportation Research Record 6 1 2 , 
Part 1 ,  Transportation Research Board ,  Wash ington ,  
D . C . ,  1 976,  p .  2-8 . ( NTIS PB 272  844) 
Subsidence from underground defects is an  
increas ing problem, and effective preventive or  
corrective measu res depend on knowing  the  
mechan ism causing the  fa i l u re .  Too often , however, 
the mechan ism is ignored or d iagnosed from the 
appearance of the g round surface, lead ing to 
routine ind iscriminate treatment such as fi l l i ng  the 
depression or dra in ing  any water, which can be 
successfu l ,  ineffective, or harmfu l ,  depend ing  on 
the mechan ism involved . Th is paper briefly 
d iscusses su bsidence caused by severa l types of 
mechan isms.  
Keyword (s) : roads, su rface structural damage, 
geologic featu res, uti l it ies, structu ral m itigation , 
reclamation , coal m in ing ,  non-metal m in i ng ,  metal 
m in ing ,  tu nne l l ing,  subsu rface water, hydrology, 
rai l roads 
Location (s) : Florida, Un ited States 
Sowry, C. G . ,  K. Tubb.  The Investigation of Strata 
Movements When Min ing  Th ree Thick Coal Seams 
in  One Area . South African I nstitute of M in ing  and 
Meta l lu rgy Journa l ,  v .  65,  1 964, p.  1 43- 1 70.  
This paper describes instru ments and methods 
used to measu re strata movements and p i l lar  
contraction when min ing superimposed coa l  seams 
60 to 1 70 feet below the surface . 
Keyword(s) : mon itori ng  equ ipment, mon itoring  
methods, mu ltiple-seam extraction , coa l m in i ng ,  
p i l l a r  strength 
Location (s) : South Africa 
Spald ing,  J .  Theory and Practice of G round Control 
(the Kolar Gold Field ) .  Transactions,  I nstitution of 
M in ing  and Meta l l u rgy, v .  47, 1 937-38 ,  p. 7 1 - 1 1 0 . 
Keyword (s) :  ground control ,  meta l m in ing  
Spande, E .  D .  Effects of  Longwal l - l nduced 
Subsidence on Hydrau l ic Properties at a S ite in 
Jefferson Cou nty, I l l i nois . M .S .  Thesis, Department 
of Geology, Northern I l l i nois Un iversity, 1 990, 
245 p.  
Longwa ll m ine subsidence potentia l ly a lters 
aqu ifer and aqu itard hydrau l ic properties, potentio­
metric surfaces, and pore-water geochemistries as 
a resu lt of subsidence- induced fractu r ing . Changes 
in these th ree areas were measu red th rough 
monitoring  the water levels in domestic wel ls  and 
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drift and bedrock p iezometers, conducting hydrau l ic 
tests, and analyz ing  water chemistry . 
Keyword (s) : hydro logy, subsurface water, 
longwal l ,  active mines,  coa l m in ing ,  mon itori ng  
methods, overbu rden , geologic featu res 
Location (s) : I l l i nois,  I l l i no is Coal Basin ,  Un ited 
States 
Spanovich , M .  Construction Over Sha l low Mines :  
Two Case H istories . ASCE Structu ral Eng ineering  
Divis ion Meeting ,  Pittsburg h ,  PA, September  30-
0ct . 4, 1 968 . ASCE Preprint 703, New York, 1 0  p .  
This paper describes g routcase a n d  caissons to 
support structu res over subsidence-prone areas; it 
inc ludes costs for methods employed . 
Keyword (s) : eng ineering ,  construction ,  
economics, roof support 
Location (s ) :  Un ited States 
S park, H .  G .  S u bsidence in Coal Mines .  B . E .  Thesis,  
Un ivers ity of Sydney, Austra l ia ,  1 968,  90 p .  
Keyword (s) : coal m in ing  
S peck, R .  C .  A Comparative Analysis of  Geologic 
Factors I nf luenc ing Floor Stabi l ity in Two I l l i no is 
Coal M ines .  Thesis, Un iversity of M issouri-Rol la,  
1 97 9 ,  265 p .  
Keyword (s) : floor stabi l ity, geologic featu res, 
coal m in i ng  
Location (s) : I l l i nois, I l l i nois Coa l Basin , Un ited 
States 
S peck, R .  C. The I nf luence of Certa in Geologic and 
G eotechn ical  Factors on Coal Mine F loor Stabi l ity--A 
Case Study. I N :  Proceedings 1 st An nua l  Conference 
on G round  Control in  M in ing ,  J u ly 27-29,  1 98 1 ,  
S .S .  Peng ,  ed . ,  West Virg in ia  Un iversity, 
Morgantown , p .  44-49 . 
Th is  paper describes the floor heave problem 
as it was man ifested at two room-and-pi l lar  coal 
m ines in  I l l i nois . The objective of the study was to 
develop one or more s imple procedu res to a l low 
detection of a potentia l  f loor heave problem du ring 
the exploration phase of  mine design--before 
i n it iation of production min ing . 
Keyword (s) : f loor stabi l ity, g round control, 
geotech n ical ,  coal m in ing ,  geologic featu res, in situ 
testing ,  lab testing  
Location (s) : I l l inois,  I l l ino is Coal Bas in ,  Un ited 
States 
S peck, R .  C . ,  R. W .  Bruhn ,  R .  E. G ray.  
I nstrumentation Plan for Mon itor ing G round 
Movements Associated With P i l lar  Extraction Min ing  
at the Kitt No .  1 Mine in Northern West Virg i n i a .  I N :  
Proceedings, Workshop on S u rface S u bsidence Due  
to  Underground Min ing ,  Morgantown , WV,  Novem­
ber  30-December 2 ,  1 98 1 ,  S .S .  Peng  and M.  Hart­
h i l l ,  eds . ,  Department of M in ing  Eng ineeri ng ,  West 
Virg in ia Un iversity, 1 982 ,  p. 23 1 -23 6 .  
Th is paper discusses t h e  design and insta l lat ion 
of surface, subsurface, and mine- level instru men­
tation to mon itor g rou nd movements associated 
with p i l lar-extraction m in ing .  
Keyword (s) : mon itoring design ,  mon itor ing 
insta l lation,  mon itor ing equ ipment, instru mentation , 
room-and-pi l lar, p i l lar  extraction 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Speck, R. C . ,  R. W. Bru h n .  The Appalach ian F ield : 
A Surface Mon itoring Program Over Pi l l a r- Extraction 
Mine Panels . I N :  S u rface Min ing  Environmenta l 
Mon itoring and Reclamation Handbook, L .V .A.  
Sendlein ,  et  al . ,  eds . ,  1 983,  Coa l  Extraction and 
Uti l ization Research Center, Southern I l l i nois 
Un iversity, Carbondale,  U . S .  Department of Energy 
Contract No. DE AC22 80ET 1 4 1 46, E lsevier, New 
York, p .  647-656 .  
P i l lar  extraction i s  a m in ing  techn ique whereby 
the coal with in  the mine area is a lmost tota l ly 
removed . It is often used in areas where,  for 
reasons of economy, geologic sett ing,  m ine  space 
or tim ing,  longwa l l  tota l-extraction m in ing  is n ot 
appropriate . The authors mon itored the g round 
movements associated with p i l lar-extraction m in ing  
at  a coal mine in  northern West Virg i n i a .  
Keyword (s) : monitoring  methods, p i l l a r  
extraction ,  coa l  m in ing ,  vertical d isplacement, 
horizontal disp lacement, su rvey methods, 
mon itor ing insta l lation , mon itor ing equ ipment, 
su rvey equ ipment, geologic featu res 
Location (s) : West Virg in ia ,  Appalach ian  Coal 
Reg ion,  Un ited States 
Speck, R. C . ,  R. W. Bru h n . Pred iction of M ine  
Subsidence G round Movements and Resu lting  
Su rface-Structu re Damage - Compl icating  Factors . 
I N :  Mine Su bsidence - Pred iction and Contro l ,  
Nationa l  Symposium, 33rd An nua l  Meeting ,  
Association of Eng ineering Geolog ists, October 2-3 ,  
1 9 90, C .D .  E l ifrits , ed . ,  Pittsburgh ,  PA, p .  79-8 8 .  
Empirical methods have shown some promise in 
improving the capabi l ity of eng ineers to pred ict 
ground-su rface movements and damage to su rface 
structu res associated with underground m in ing ,  
particu larly in yielding estimates of  ground move­
ments . Departu res from pred iction behavior a re 
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common and can be related to min ing ,  geology, and 
su rface structures . G'rou nd  movements normal ly 
u n associated with mine su bsidence may take place 
concu rrently with a subsidence event.  
Keyword (s) : empi rical  model,  prediction,  
su rface structu ral damage, geologic featu res, soi ls, 
abandoned mines, active mines, longwal l ,  room­
and-p i l la r, overbu rden 
Location (s) : Un ited Kingdom, Un ited States 
S pencer, L. H .  S u bsidence Research Carried O ut in 
the Bestwood Area of Nottinghamsh i re .  
Transactions,  I n stitute of M in ing  Eng ineers, London ,  
v .  1 20, no .  3 ,  December, 1 960, p .  20 1 -2 1 0. 
Keyword (s) : su bsidence research 
Location (s) : Eng land 
S pickernagel ,  H .  Der E infl uss Der Abbautech n ik  Auf 
Die Senkungsbewegu ngen An Der Erdoberflaeche 
( I nf luence of the Min ing Method on the Subsidence 
M ovements of the Earth ' s  Su rface ) .  G lueckauf­
Forsc h u n gshefte, v. 34, n o .  5, October, 1 973,  p .  
1 68- 1 74 .  
Keyword (s ) : m ine operation,  mine des ign,  
su rface su bsidence damage 
Location (s) :  Germany 
S pickernagel ,  H. Hebungen Des Gebirges Als Folgen 
Des Bergbaus Unter Tage (Rock Lifting Caused by 
Underground Min ing  Operations) . G l ueckauf­
Forsch ungshefte,  v .  36,  no .  4, August, 1 975,  p .  
1 70- 1 76 .  
Keyword (s) : subsurface su bsidence damage 
S pokes, E. M . ,  C. R. Ch ristiansen , eds . Proceedings 
of the 6th Sympos ium on Rock Mechan ics . 
Un iversity of M issouri  at Rol la ,  October, 1 964.  
Keyword (s) : rock mechan ics, i nstru mentation,  
roof support, m ine  design ,  model ing,  p i l lar  strength,  
t ime factor, metal m in ing ,  backfi l l i ng ,  room-and­
p i l l a r  
S pokes, E .  M . ,  J .  J .  Scott . Rock Mechan ics in Coal 
M in in g .  M in ing  Congress Jou rna l ,  1 967, v .  53, p .  
44-48 . 
Keyword (s) : rock mechan ics, coa l m in ing  
Sprou ls,  M .  W .  Rend Lake Banks on Longwal ls .  
Coa l ,  Apr i l ,  1 989 ,  v .  27 ,  no .  4 ,  p .  88-90.  
Consol idation Coa l successfu l ly switches an 
I l l i nois mine from pu l l i ng  p i l lars to developing 
longwal l  panels . 
Keyword (s) : longwal l ,  coal m in ing ,  m ine  design ,  
mine operation 
Location (s) : I l l i no is, I l l i nois Coal Basin ,  Un ited 
States 
St. John ,  C. M . ,  M .  P. Hardy . Geotechn ical Models 
and Their Appl ication in Mine Design .  I N :  
Proceedings, M in i  Symposiu m o n  Appl ication of 
Geotech n ical Data to Underground M ine  Desig n ,  
S M E-AI M E  Fal l  Meeting,  September, 1 97 8 ,  M in i  
Symposium Series no .  78- 1 . 
Keyword (s) : mode l ing ,  mine design ,  
geotech n ical 
Stacey, T .  R. Th ree-Dimensional  F in ite E lement 
Stress Analysis Appl ied to Two Problems in  Rock 
Mechanics .  South African I nstitute of M in ing  and 
Meta l l u rgy Journa l ,  v .  72 ,  1 972,  p .  25 1 -256 .  
Keyword (s) : f in ite element, rock mechan ics, 
model ing 
Location (s) :  South Africa 
Stacey, T. R. I nteraction of Underground M in i ng  
and Surface Development in  a Centra l  C ity 
Environ ment. Transactions, I nstitute of M in ing  and 
Meta l lu rgy, 95A, 1 986,  p .  1 76- 1 80.  
Keyword (s) : land-use plann ing  
Stacey, T .  R . ,  D .  Bakker.  The Erection or  
Construction of  Bu i ld ings and Other Structu res on  
Undermined Ground .  IN :  CO MA: Proceed ings of 
Symposium on Construction Over M ined Areas,  
Pretoria ,  May 1 992 ,  South African I nstitution of 
Civi l  Eng ineers, Repu bl ic of South Africa, p .  
2 82-2 8 8 .  
The Mines a n d  Works Regu lations stipu late that 
permission is  requ i red from the Govern ment M in i ng  
Eng ineer when bu i ld ings or other structu res are to 
be erected or constructed over underm ined ground . 
These gu idel ines have been reviewed recently and 
considerations g iven to revis ing them . This paper 
conta ins  some of the background to the review, 
and some suggestions regarding new gu idel ines a re 
made.  
Keyword (s) : law, govern ment, su rface 
structu ral damage, roads, ra i l roads, meta l m in ing ,  
geologic featu res, coa l m in ing ,  t ime factor, ut i l it ies, 
p ipel ines, horizontal d isplacement, vertical 
d isplacement 
Location (s) : South Africa 
Stache, J. E. Database Ana lysis in Mine S u bsidence 
Research . I N :  Proceedings Th i rd Workshop on 
Surface Su bsidence Due to Undergrou nd M in ing ,  
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June  1 -4, 1 992 ,  S . S .  Peng,  ed . ,  Morgantown , WV, 
p. 326-33 1 .  
Commerc ia l  software programs are used to 
create and ma inta in  a mine subsidence database in 
conjunction with US BM research on mine su bsi­
dence in I l l i nois . A 3-year  su rvey net of mon itored 
structures in an I l l ino is su bdivision was incorporated 
into the database design . 
Keyword (s) :  computer, su rvey data processing ,  
abandoned m ines,  coa l  m in ing ,  surface structu ra l 
damage, vert ical  d isplacement 
Location (s) : I l l ino is, I l l ino is Coal Basin ,  Un ited 
States 
Stah l ,  R. L .  G u ide to G eologic Featu res Affect ing 
Coal Mine Roof . M S HA Information Report 1 1 0 1 , 
1 979 ,  1 8  p .  
Keyword (s) : roof stabi l ity, geologic featu res, 
coal m in i ng  
Location (s ) : Un ited States 
Sta h l , R .  W. Extracting F ina l  Stump in P i l lars and 
Pi l lar  Lifts with Contin uous Miners . U . S .  Bureau of 
M ines R I  5 63 1 ,  1 960. 
Keyword (s) :  room-and-pi l lar, p i l lar  extraction 
Location (s) : Un ited States 
Stah l ,  R .  W. S u rvey of Practices in Contro l l ing Roof 
at I ntersections and Junctions in Underg round Coa l 
M ines .  U .S .  Bu reau of M ines IC 8 1 1 3 , 1 962 ,  1 3  p .  
Keyword (s ) : roof su pport, coal m in ing ,  g round 
control 
Location (s) : Un ited States 
Sta l l ,  F .  J .  The Ports of the Rh ine-Herne Cana l  
S u bject to the Effects of Min ing Operation s .  Bu l letin 
Permanent I nternation a l  Associated Navigation 
Congress, v .  1 -2 ,  n o .  1 9/20, 1 966, p. 87- 1 23 .  
Keyword (s) : surface subsidence damage, 
su rface structu ra l damage, su rface water 
Location (s) : Europe 
Starf ie ld, A.  M . ,  C .  Fa irh u rst. How High-Speed 
Computers Advance Design of Practical Mine P i l lar  
Systems . Eng ineering  and Min ing  Journa l ,  May, 
1 968 ,  p .  7 8-84.  
Computer programs are used to solve structu ral 
problems fou nd in  determin ing  stress on p i l lars of 
var ious sizes . 
Keyword (s) : p i l lar  strength , computer, mine 
design 
Starf ie ld, A .  M . ,  W. R.  Wawers ik .  P i l lars as 
Structu ra l Components in  Room and Pi l lar Design . 
I N :  Basic and Appl ied Rock Mechan ics, Pro­
ceed ings, 1 0th Symposium on Rock Mechan ics, 
Un iversity of Texas, Austin ,  1 972,  p.  793-809 . 
P i l lar  stabi l ity is presented in a computer model 
as the interaction between the p i l lars and the 
surrou nd ing rock .  Qual itative · behavior of p i l la rs is 
obta ined using compression tests . 
Keyword (s} : p i l lar  strength , computer, room­
and-p i l la r, model ing ,  rock mechan ics, lab testin g  
Starfield, A.  M . , S .  L .  Crouch . E lastic Analysis of 
S ing le Seam Extraction . I N :  Proceedings,  1 4th 
Symposium on Rock Mechan ics, Pennsylvan ia 
State Un ivers ity, 1 97 2 .  
Th is paper describes a dig ital computer method 
for computing stresses and d isplacements due to a 
dis location in an otherwise continuous  l inearly 
elastic, inf in ite rock mass . 
Keyword (s) : rock mechan ics, phenomenological  
model ,  elastic model ,  computer, model i ng  
Location (s} : Un ited States 
Stark, J. F. Report of the Subsidence Committee .  
Submitted to the Joint State Government 
Commission of the General Assembly of PA, 
Harrisbu rg , PA, February 20, 1 957 ,  54 p .  
Keyword (s) : government, law 
Location (s) : Pen nsylvan ia,  Appalach ian Coal  
Region,  Un ited States 
Starkey, D. L. Removal of a Shaft P i l lar  at Depth , 
S immer and Jack Ltd . Associated Mine  Managers 
South Africa, Papers and Discussions, 1 962/63,  p .  
723-745 . 
Keyword (s) : room�and-p i l lar, p i l l ar  extraction 
Location (s) : South Africa 
Stassen , P . ,  H. Duyse . Harmfu l I nfluences of Faces 
on the Roadways in a Col l iery Layout, and Methods 
of Reducing Them . I N :  5th I nternationa l  Strata 
Control Conference, London , 1 972,  Paper 1 9 , 8 p .  
Th is  paper discusses the importan ce of p lann i ng  
the  behavior of  ma in  roadways of  a m ine  and 
shows the  harmfu l effect of  a p i l l a r  of  abandoned 
coal in a seam on roadways situated i n  th is  p i l l a r  or 
immediately above or below it .  
Keyword (s) : mine des ign,  p i l lar strength , coal 
min ing 
Stateham,  R .  M.  Field Studies on an Unsupported 
Roof, York Canyon Coal Mine,  Raton,  New Mexico . 
U . S .  Bureau of Mines R I  7886,  1 974, 1 8  p .  ( NTIS 
PB 23 1 1 22 )  
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I nfrared and displacement studies were made of 
an  unsupported roof i n  Kaiser Steel Corporation 1s 
York Canyon coa l m ine, Raton,  New Mexico . 
Mon itoring  of the roof continued unti l the roof over 
the area was caved . Loose slabs i n  the roof were 
detected by means of associated thermal  anomal ies 
us ing  remote-sensing infrared instruments . Dis­
p lacement measurements taken duri ng  the study 
ind icate that roof movement was cycl ic in natu re, 
and  the cycles appear to be related to the m ine  
work cycle (work days to  id le  days) . 
Keyword (s} :  roof support, roof stabi l ity, coa l  
m in i ng ,  remote sensing 
Location (s ) :  New Mexico, Rocky Mou nta in  Coal  
Reg ion,  Un ited States 
Stateham,  R .  M . ,  D. E .  Radcl iffe . Humid ity : A 
Cycl ic Effect in Coal Mine Roof Stabi l ity . U . S .  
Bu reau of M ines R I  829 1 ,  1 978 ,  1 9  p .  
C l imatic cond it ions are compared with roof fa l l  
occu rrence .  These comparisons i ndicate that 
h u m id ity has a strong influence on roof fa l l  
occurrence rates . Cubic regression tech n iques are 
used to develop best fit curves . Statistical ana lysis 
of these curves i nd icate that both are s inusoidal  
and exh ibit positive corre lation with each other .  The 
s ine waves have a period of 1 year with maximum 
and m in imum inflection points in  August and 
February .  
Keyword (s) : roof stabi l ity, coa l m in ing ,  mine 
design 
Location (s) : Un ited States 
Statham,  I . , C .  Go l ightly, G .  Treharne .  Thematic 
Mapp ing of the Abandoned Min ing  Hazard : A Pi lot 
Study for the South Wales Coalfield . I N :  Plan n ing  
and Eng ineering  G eology, Proceedings 22nd Ann ual 
Conference of the Eng ineering  G roup of the 
G eological  Society, Plymouth Polytech nic,  
September 8- 1 2 , 1 986,  M . G .  Cu lshaw, et a l . ,  eds . ,  
The G eological  Society, London,  1 987,  p .  255-268 .  
A desk study was conducted to  look into the 
feasibi l ity of produc ing thematic maps of the min ing  
su bsidence r isk  for p lan ners . 
Keyword (s) : abandoned mines, coal m in ing ,  
land-use p la n n ing ,  eng ineering  
Location (s) : Wales, Un ited Kingdom 
Statham,  I .  C. F .  S u bsidence and Shaft P i l lars .  
Col l iery G uard ian ,  v .  1 25, 1 923,  p .  325-327,  
3 8 7-388,  449 . 
Th is a rticle reviews and compares various 
formu las for calcu lat ing the s ize of a shaft p i l lar .  
Keyword (s) : bumps, overburden , ang le of d raw, 
room-and-pi l lar, roof stabi l ity, p i l lar  strength 
Statham,  I .  C. F. Coal M in i ng .  Eng l ish Un iversity 
Press, Ltd . ,  1 95 1 ,  5 64 p .  
Keyword (s) : coa l m in ing  
Stearn , E .  W .  Can Coal Live With S u bsidence 
Laws? Coa l M in ing  & Process ing,  v .  3 ,  no .  1 1 , 
1 966, p .  3 1 -34. 
Keyword (s) : law, coal  m in ing ,  govern ment, 
mine operation 
Stea rt, F. A .  Strength and Stabi l ity of P i l lars in  Coal 
Mines .  Transactions, Chemical ,  Meta l l u rg ica l ,  and 
Min ing  Society of  South Africa , v .  54,  1 953-54, p .  
309-325 .  
Th i s  paper describes bard-and-p i l lar  o r  pi l lar­
and-sta l l  method of m in ing  as practiced in South 
Africa . The author d iscusses pressu re exerted on 
p i l lars and various means of estimating  th is pres­
sure and the strength of coal with in  the p i l lars .  The 
resu lts of laboratory tests are described in relation 
to actua l  conditions with in active m ines . 
Keyword (s) : coal m in ing ,  p i l lar  strength , room­
and-pi l lar, lab testing ,  active mines 
Location (s) : South Africa 
Steart, F. A. Min ing  Subsidence with Particu lar  
Reference to the Coalfields of  South Africa . Coal 
and Base Minerals, Part 1 ,  December 1 955,  p .  
42-46; Part 2 ,  January 1 95 6, p .  30-38; Part 3 ,  
February 1 956,  p .  28-56 .  
Keyword (s) : coal m in ing  
Location (s) : South Africa 
Steed, C . ,  W. F. Bawden , A. M .  Coode, P .  
Mottahed .  Subsidence Pred iction for Saskatchewan 
Potash Mines. I N :  Research & Eng ineering 
Appl ications in Rock Masses, Proceedings 2 6th 
U .S .  Symposiu m  on Rock Mechan ics, South Dakota 
School  of Mines & Tech nology, Rapid City, June  
26-28,  1 985 ,  E .  Ashworth , ed . ,  Ba lkema, 
Rotterdam,  1 9 85,  p .  1 63- 1 70 .  
Th is paper describes the use of  an empirica l  
su bs idence prediction method appl ied to 
Saskatchewan potash mines .  Subsidence data were 
col lected from five produc ing mines .  A review of 
existi ng su bsidence pred iction methods was made 
and appl icab i l ity of the methods was considered . 
The data ind icate that subsidence tends to be time 
dependent. The plastic nature and low strength of 
the evaporites cause su bsidence to occur  in two 
stages . 
3 5 9  
Keyword (s) : empi rica l model,  model ing,  
prediction , t ime factor, zone area, influence 
function , computer, non-metal m in ing ,  active mines 
Location (s) : Canada,  Saskatchewan 
Stefan ko, R. S u bsidence and G round Movement. 
S M E  Min ing  Eng ineering  Handbook, v .  1 ,  A .B .  
Cummins  and I .A .  G ivens,  eds . ,  1 973,  S M E-AI M E, 
New York, p .  1 3-2-- 1 3-9 . 
Th is treatment of su bsidence and ground 
movement is confined to su bsidence control for 
l im iti ng  su rface damage by assessing the s ign ificant 
parameters affecting  ground movements during 
min ing to optim ize m in ing  tech n iques .  
Keyword (s) : coa l  min ing,  angle of draw, 
overbur den ,  longwa l l ,  room-and-pi l lar, m ine design 
Location (s) : Un ited States , Europe 
Stemple,  D. T. A Study of Problems Encou ntered in 
M u lt ip le Seam Coal M in ing  in  the Eastern Un ited 
States . Virg i n ia Polytech n ic I nstitute Bu l leti n ,  v. 49,  
no.  5 ,  March ,  1 95 6, 64 p .  
The author discusses several factors that have 
been shown to have an inf luence on the presence 
and amount of d istu rbance in  mu lti-seam opera­
tions .  These inc lude proximity of the seams to each 
other, method of m in ing ,  and the amount of over­
burden above the uppermost bed . 
Keyword (s) : backfi l l i ng ,  mu ltiple-seam 
extraction ,  p i l lar  strength , room-and-pi l lar, m ine 
design ,  m ine  operation , coa l  m in ing ,  overburden , 
roof stabi l ity 
Location (s) : Appalach ian Coal Region,  Un ited 
States 
Stephens,  J .  C. Subsidence of Organ ic Soi ls in the 
Flor ida Everg lades . I N :  Proceed ings,  Soi l  Science 
Society of America, v .  20, 1 956,  p .  77-80.  
Keyword (s) : fl u id extraction ,  soi ls 
Location (s) : F lor ida, Un ited States 
Stephens,  J .  C. S u bsidence of Organic Soi ls in the 
Flor ida Everg lades--A Review and Update . Memoirs, 
M iami  G eolog ical Society, 2 ,  1 974, p. 35 2-36 1 .  
Keyword (s ) : soi ls, fl u id extraction 
Location (s) : Florida, Un ited States 
Stephens,  J .  C . ,  L .  H .  Al len,  Jr . ,  E .  Chen . Organ ic  
Soi l  Su bsidence.  I N :  Man- Induced Land Subsidence, 
Reviews in  Eng ineering Geology VI, T . L . Holzer, ed . ,  
The  Geological  Society of  America , 1 984, p .  
1 07- 1 22 .  
Organ ic  soi l  su bsidence occu rs ma in ly with 
dra inage and development of peat for agricu ltu re . 
Subsidence occurs either from densification or from 
actua l  loss of mass. Densification usua l ly occu rs 
soon after drainage is establ ished . S low, conti n u ous  
loss of  mass is due main ly to  biological  oxidation . 
Subsidence rates are determined ma in ly by type of 
peat, depth to water table, and tem perature .  
Keyword (s) : soi ls, f lu id extraction ,  mode l ing,  
remote sensing 
Location (s) : Florida 
Stephenson, R. W . ,  N. B .  Aughenbaugh . Ana lysis 
and Prediction of G round Subsidence Due to Coal 
Mine Entry Col lapse . I N :  La rge G round Movements . 
and Structu res, Proceed ings I nternationa l  Con­
ference, Un iversity of Wales Institute of Science 
and Technology, Card iff, 1 977,  J . D .  G eddes, ed . ,  
John Wi ley & Sons, New York, 1 978 ,  p .  1 00- 1 1 8 . 
This paper discusses the field investigation and 
ana lysis used to  determ ine the cause of movements 
of an elementary school and to establ ish the 
probable magn itude of futu re movements of the 
structu re . 
Keyword (s) : surface structu ra l damage, coal  
m in ing ,  abandoned mines 
Location (s) : I l l inois, I l l i nois Coal Bas in ,  Un ited 
States 
Stephenson, R. W. G round Su rface S u bsidence Due  
to  Coal Mine Col lapse . IN :  Eva luation and Predict ion 
of Su bsidence, Proceedings I nternationa l  
Conference,  Pensacola Beach , FL, Jan uary 1 5-20, 
1 978 ,  S . K. Saxena,  ed . ,  ASCE, New York, 1 97 9 ,  
p .  1 1 3- 1 2 8 .  
This paper discusses subsidence, structu ra l 
damage, and mon itori ng at the Wash ington 
Elementary School in Johnston City, I l l i no is .  
Keyword (s) : abandoned mines, su rface 
structu ral damage, surface subsidence damage, 
coal  m in ing  
Location (s) : I l l i nois, I l l i nois Coa l Basin ,  Un ited 
States 
Sterl ing ,  R . L . Roof Design for Underground  
Open ings in Near-Su rface Bedded Rock Formations .  
Ph . D .  Thesis, Un ivers ity of M innesota , 1 97 7 .  
Keyword (s) : roof stabi l ity, roof support, m ine  
design 
Location (s) : Un ited States 
Stewart, C. L. Subsurface Rock Mechan ics 
I nstru mentation Program for Demonstration of 
Sh ield-Type Longwa l l  Supports at York Canyon , 
Raton,  New Mexico . I N :  Energy Resou rces and 
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Excavation Technology, Proceedings 1 8th U . S .  
Symposiu m  on Rock Mechan ics, Keystone,  CO, 
June 22-24, 1 97 7 ,  F-D .  Wang and G . B . Cla rk, eds . , 
Colorado School of Mines Press, Golden , p .  1 C2- 1 -
1 C2- 1 3 .  
A rock mechan ics instru mentation program,  
designed to  determ ine the  rock mass  response due  
to  longwal l  m in ing  a th ick  coa l seam us ing  sh ield­
type supports, was instituted at the York Canyon 
M ine  near Raton , New Mexico . This report sum­
marizes the information obta ined from the subsur­
face instru mentation program during min ing  of the 
in itia l  longwal l  panel . The data col lected during th is 
study are u n ique  in  that they represent the resu lts 
from min ing  a su per-critical  longwa l l  panel  in a 
known geologic envi ronment with cross- and a long­
panel topograph ic variations .  
Keyword (s) : geologic features, active mines, 
coal  m in i ng ,  longwal l ,  roof support, rock 
mechan ics, i nstrumentation 
Location (s) : New Mexico, Rocky Mou nta in  Coal 
Reg ion , Un ited States 
Stewart, C. L . ,  J .  E. Shoemaker .  Subsidence 
Mon itori ng  Program at Cyprus Coal 1 s  Colorado 
Operations .  I N :  Proceed ings Th ird Workshop on 
S u rface S u bsidence Due to Underground Min ing ,  
June  1 -4, 1 992 ,  S .S .  Peng ,  ed . ,  Morgantown , WV, 
p .  254-26 2 .  
Th is  paper su mmarizes the resu lts of a 
su bsidence mon itoring  program above two longwa l l  
panels at the Foide l  Creek Mine located in  
northwest Colorado .  The mon itor ing area is  
characterized by overburden rang ing from 1 ,000 to 
1 ,  1 00 feet in th ickness . The surface slope paral lels 
the dip of the bedd ing at approximately 5 degrees . 
Average min ing  he ight is 9 feet . Smax averaged 3 .4 
feet . Draw angles averaged 1 5  degrees for u p-d ip  
r ibsides and 1 9  degrees for  down-d ip ribsides . A 
s ite-specific profi le function is developed from the 
data . 
Keyword (s) : mon itori ng  methods, survey 
methods, overbu rden , longwal l ,  coal m in ing ,  ang le 
of draw, profi le function ,  vertical d isplacement 
Location (s) : Colorado, Rocky Mounta in  Coal 
Region , Un ited States 
Stewart, J .  E. M in i ng  a 1 00 Mi l l ion Tonne  Orebody 
Without S u bsidence . I N :  Proceedings, New Zea land 
Conference, Un iversity of Auckland,  May 1 9-23,  
1 980, Austra las ian I nstitute Min ing & Meta l lu rgy, p .  
1 1 1 - 1 23 .  
Keyword (s ) :  m ine des ign ,  grou nd  control 
Stier, K. H .  Measurement of G round Movements in  
Shafts With the Help of  a New Method . I N :  
Proceedings, European Congress o n  G round 
Movement, Leeds, Eng land ,  Apri l 9 - 1 2 , 1 95 7 ,  
London Harrison ,  p .  1 59- 1 66 .  
Keyword (s) : instru mentation,  mon itor ing 
methods 
Stimpson , B., G .  Walton . Clay Mylon ites in  Eng l ish 
Coal  Measu res : Their S ign ificance in  O pen-Cast 
S lope Stabi l ity . I N :  Proceedings,  1 st I nternationa l  
Congress Association of  Eng ineer ing G eologists, 
Paris, 1 970, v. 3, p. 1 388- 1 39 3 .  
Keyword (s) : coal m in ing ,  floor stabi l ity 
Location (s) : Eng land 
Stinge l in ,  R .  W.,  E . T .  Baker, S .  B .  Cousin . 
Overview of Subsidence Potentia l  in Pennsylvan ia  
Coa l  Fields .  Appalachian Reg ional  Commission 
Report ARC73- 1 1 1 -2552,  June,  1 975 ,  220 p .  
( NTIS PB 2 7 2  682)  
This study is part of  a comprehensive program 
on min ing activities, the associated su rface sub­
sidence effects, and their corre lation with post­
h u rricane Agnes reconstruction projects in Pen n­
sylvan ia . The objective was to develop a method­
ology that wou ld permit the class ification of land 
areas with in the Anth racite Region in  terms of  their  
potentia l  for mine- incu rred subsidence . 
Keyword (s ) : coa l m in ing ,  su rface structu ra l 
damage, land-use plann ing ,  anth racite, bitum inous ,  
pred iction 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Stinge l in ,  R. W . ,  P. 0 .  MacDonald,  J . P .  S parks, E .  
T .  Baker .  The I mpact of Overmin ing  and 
Undermin ing on the Eastern Underground  Coa l  
Reserve Base . User 1 s  Manua l  for  the Coa l Loss 
Calcu lation Model Computer Program . Contract 
J0357 1 29 ,  HRB-Singer, I nc .  U . S .  Bureau of M ines 
OFR 6 (2) -77 T 1 976,  78 p .  ( NTIS PB 2 62 5 1 9 ) 
Keyword (s ) :  computer, mu ltiple-seam 
extraction ,  model ing,  coa l m in ing  
Location (s) : Appalach ian Coa l  Reg ion ,  Un ited 
States 
Stinge l in ,  R .  W . ,  P. 0 .  MacDonald,  J .  P. S parks, E .  
T .  Baker . The Impact of Overmin ing  and 
Undermin ing  on the Eastern Undergrou nd Coal 
Reserve Base . Final Report Ju ly 1 975-September 
1 976 .  U . S .  Bu reau of M ines O FR 6-77-Vol . 1 ,  H R B­
Singer I nc . ,  State Col lege, PA, HRB-4967-F, 
September, 1 976, 286 p .  ( NTIS PB-262 5 1 8 ) 
3 6 1 
Th is study developed and implemented of a 
methodology for estimating the impact of coal seam 
interaction on the eastern bitu minous underground 
reserve base as pu bl ished in  USBM IC  865 5 .  The 
effects of  previous min ing  in  mu ltip le coal seam 
areas on cu rrently mined and reserve seams are 
pred icted as a percentage of coal loss by an 
eng ineering assessment model cal led the Coa l  Loss 
Ca lcu lation Model . The model was developed and 
tested us ing  data from fou r  coa l  mines in western 
Pennsylvan ia and southern West Virg in i a .  
Keyword (s) : coa l  m in ing ,  active mines, 
b itu minous,  mu ltip le-seam extraction , model ing,  
mathematical mode l ,  rock mechan ics 
Location (s) : Pen nsylvan ia ,  West Virg in ia ,  
Appa lach ian Coal  Reg ion , Un ited States 
Stone, K. J .  L . ,  R .  J .  Jewel l .  Model l ing Su rface and 
S u bsurface S u bsidence Over Coa l  Mines .  I N :  
Proceedings 6th Austra l ia-New Zealand Conference 
on Geomechan ics, Ch ristchu rch , February 3-7, 
1 992 ,  New Zealand Geomechan ics Society, p .  
2 69-27 3 .  
Many modern m in ing  methods make surface 
subsidence unavoidab le .  Su bsidence prediction has 
genera l ly been by empi rical methods . Both long­
wal l i ng  and Wongawi l l i  extraction h ave been 
s imu lated in  tests in  a geotechn ical  centrifuge to 
enable g reater understand ing of the phenomenon . 
Sca l i ng  laws, the trapdoor system to repl icate 
m in i ng ,  and  data acqu is it ion are discussed . I n it ial  
resu lts a re i l l ustrated, with crack patterns on model 
faces and model surfaces shown . Work suggests 
that centrifuge  test ing wi l l  prove a valuable tool in 
u n derstand ing and predictin g  su bsidence. 
Keyword (s) : model ing ,  pred iction,  longwal l ,  
h igh -extraction retreat 
Location (s) : Austra l ia  
Stoner, J.  D .  Probable Hydrologic Effects of 
S u bsurface M in i ng .  G round Water Mon itoring 
Review, v .  3 ,  no .  1 ,  1 983,  p .  1 28- 1 37 .  
Keyword (s) : hydrology, subsurface water 
Stout, K.  The Law of Subsidence and Support as 
Appl ied to Mines .  I N :  S M E  Min ing  Eng ineering 
Handbook, v .  1 ,  1 973,  A.B .  Cummins and I .A .  
G ivens,  eds . ,  S M E-AI ME,  New York, p .  1 3- 1 80 -
1 3- 1 93 .  
Th is  chapter d iscusses what a landowner can 
expect in terms of lateral and subjacent su pport .  
Latera l support i s  g iven by l a n d  lying adjacent; 
subjacent su pport is support by underlying  lan d .  
Keyword (s ) : law 
Stringfield, V .  T . ,  J .  R .  Rapp.  Land  Subsidence 
Resu lt ing from Withdrawal of G roundwater in 
Carbonate Rocks . I N :  Proceedings 2nd I nternationa l  
Sympos ium o n  Land Su bsidence, Anahe im,  CA, 
IAHS-AI HS Publ ication No .  1 2 1 ,  December, 1 976 ,  
p .  447-452 .  
Keyword (s) : f lu id extraction 
Stritze l ,  D. L. Observations in  M ines Wh ich a re 
Ind icative of Ground Control Problems in the I l l i nois 
Basi n . I N :  Proceedings,  1 st Conference on G round  
Contro l Problems in  t he  I l l ino is Coa l Bas in , August 
22-24, 1 979,  Southern I l l ino is Un ivers ity, 
Carbondale,  1 980, p. 53-58 .  
Actua l  case studies a re presented that depict 
serious ground control problems in  the I l l i no is Basi n  
to  understand the  theoretica l concepts of  roof con­
tro l more clearly . Many concepts of rock mechan ics 
can be appl ied in the da i ly routine of practical ob­
servations .  Complex situations often h ave s imple 
solutions .  If the bas ics of what causes ground  con­
trol problems are understood, experience can be 
used in conjunction with theory to prevent such 
occu rrences, thereby provid ing safer and more 
effic iently operated coal mines .  
Keyword (s) : coa l  m in ing ,  g rou nd contro l ,  roof 
stabi l ity, rock mechan ics, m ine  safety 
Location (s) : I l l inois,  I l l ino is Coal Basin ,  Un ited 
States 
Strza lkowski, P. Evaluation of the Parameters for 
Use with Statistic- I ntegra l Theories of Pred ict ing 
the I nfl uence of  Min ing  Extraction Based on Zych 1 s  
Method . I N :  G round Movements a n d  Structu res, 
Proceedings 4th Internationa l  Conference, 
Un ivers ity of Wales Col lege of Card iff, J u ly 8- 1 1 ,  
1 99 1 ,  J . D .  Geddes, ed . ,  Pentech Press, London , 
1 992 ,  p .  255-265 .  
The appl ication p f  Zych 1s ( 1 987 )  method 
(wh ich provides a great improvement on the 
statistic-integral theories presented so far) 
considerably increases the qua l ity of a pred iction . 
Therefore, in th is work, the discussion of the 
selection of proper va lues of parameters for 
carrying out calcu lations is presented on the basis 
of Zych 1 s  method . 
Keyword (s) : pred iction,  model i ng ,. horizontal  
d isplacement, vertical d isp lacement 
Location (s } :  Poland 
Stu l l ,  R .  T. ,  R .  K .  Hursh . Tests on Clay Materia ls 
Avai lab le i n  I l l i nois Coal Mines .  I l l i nois State 
Geological Survey, Min ing  I nvestigation Bu l letin 1 8 , 
1 9 1 7 , 1 30 p .  
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Keyword (s ) : coal m in ing ,  h istorica l 
Location (s} :  I l l inois,  I l l ino is Coal Bas in ,  Un ited 
States 
Stump,  D. E. Underground  Coal Mine Su bsidence 
I mpacts on S u rface Water .  I N :  Proceedings Th i rd 
Workshop on S u rface Subsidence Due to 
Underg round M in ing ,  June  1 -4, 1 992 ,  S . S .  Peng ,  
ed . ,  Morgantown , WV, p .  253 (abstract on ly) . 
S u bsidence from underground coal m in ing  a lters 
su rface water discharge and avai lab i l ity . The 
magn itude and area l  extent  of these impacts are 
dependent on many factors, inc lud ing the amount 
of su bsidence, topography, geology, c l imate, 
i nteractions between surface water and grou nd­
water interactions, and fractu res in the overbu rden . 
These a lterations may have positive and/or negative 
impacts . One of the most s ign ificant surface water 
impacts occurred in Ju ly 1 957 near  West Pittston ,  
Pennsylvan ia . S u bsidence in  the Knox Mine u n der 
the Coxton Yards of the Leh igh Va l ley Rai l road 
a l lowed part of the d ischa rge in the Susquehanna  
R iver to  flow into the m ine  and create a crater 200 
feet i n  d iameter and 300 feet deep . 
Keyword (s) : su rface water, coa l m in ing  
Location (s ) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Stu rges, F. C . ,  J .  H. Clark .  Fly Ash--The Answer to 
M ine  S ubsidence Protection? Coal M in ing  and 
Process ing ,  v .  7 ,  no .  4, 1 970, p .  69-73,  8 8-8 9 .  
Th is  paper d iscusses several appl ications and 
procedu res for  us ing  f ly ash to m in im ize mine 
subsidence damage.  
Keyword (s} : backfi l l i ng ,  abandoned mines, coal 
m in ing  
Stutzer, 0 .  Geology of  Coa l .  The Un iversity of 
Ch icago Press, Ch icago, I L, orig ina l  1 923,  
translation 1 940, p .  4 1 6-426 .  
One  section covers distu rbances of coal beds, 
inc lud ing  subsidence.  The author describes s u rface 
cracks, overbu rden characteristics, subsidence 
prediction,  grou ndwater withdrawal ,  and house and 
br idge damages . 
Keyword (s } : floor stab i l ity, coal m in ing ,  
geologic features, su rface structura l damage, 
hydrology, subsurface water 
Location (s ) : G ermany 
Styler, A. N. Strata Deformation Above Longwa l l  
Faces . Department of Min ing Eng ineering ,  
Un ivers ity of  Newcastle-Upon-Tyne, Eng land,  1 979, 
1 1  p .  (Ava i lab le for consu ltation at the US BM 
Denver Research Center . )  
Keyword (s } :  longwal l ,  subsurface subsidence 
damage 
Location (s) : Un ited Kingdom 
Styler, A .  N . ,  R. K .  Dun h a m .  Strata Deformation 
Above Longwa ll Faces . I N :  Rock Mechan ics : A 
State of the Art, Proceedings 2 1 st U . S .  Symposiu m  
o n  Rock Mechanics, University of M issouri a t  Rol la ,  
May 28-30, 1 980, D .A .  Summers,  ed . ,  p .  308-3 1 8 . 
The mechan ics of strata deformation a bove 
longwal l  faces has attracted the attention of many 
investigators over the past 20 yea rs . Because of  
access d ifficu lties, very few of these i nvestigations 
h ave i ncluded deta i led measu rement of inter-strata 
deformations at levels above the sea m .  Th is  paper 
presents the fina l  resu lts from two i nvestigations to 
mon itor strata deformation above sha tlow u ndersea 
longwal ls .  Resu lts are compared with those of 
s imi lar  studies and with predicted val u es of groun d  
movement obta ined from t h e  Nationa l  Coal Board 
Subsidence Eng ineers Handbook.  
Keyword (s) : longwa l l ,  coa l  min ing,  active 
mines,  mon itor ing methods, overbu rden , 
instru mentation,  su rface water 
Location (s) :  Un ited Kin gdom 
Styler, N. Prediction of I nter-Strata Movements 
Above Longwal l  Faces . I N :  Rock Mechan ics i n  
Productivity a n d  Protection ,  Proceedings 25th 
Sympos ium on Rock Mechan ics, Northwestern 
Un iversity, Evanston,  I L, June  25-27,  1 984, C . H .  
Dowding a n d  M . M .  S ingh , eds . ,  S M E-AI M E, New 
York, p .  65 1 -65 8 .  
Th is paper presents an ana lysis o f  measure­
ments of inter-burden deformations above six 
longwall faces . An attempt is made to demonstrate 
some correlation between the movements at the 
various s ites and to examine their  importance with 
respect to predictin g  caving  he ight, disruption of 
overlying seams, and d isru ption of aqu ifers . Th is 
ana lysis demonstrates some s ign ificant d ifferences 
between predicted surface su bsidence and inter­
burden deformation . I n  addit ion ,  it is shown that 
the caving height above a longwal l  face is equa l  to 
8 to 1 2  times the extraction height, with a zone of 
fractu red rock extend ing to approximately 50 times 
the extraction height above the sea m .  
Keyword (s) :  longwal l ,  overburden , subsurface 
water, prediction ,  mu ltip le-seam extraction,  
prediction 
Location (s) : Un ited Kingdom, Un ited States 
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S u ,  D. W. H . ,  G .  J .  Hasenfu s .  F ie ld Measurements 
of Overbu rden and Cha in  P i l lar  Response to 
Lon gwal l  M i n in g .  I N :  Proceedings,  6th I nternationa l  
Conference on G round Control in  Min ing ,  June  
9- 1 1 ,  1 98 7 ,  S . S .  Peng ,  ed . ,  West Virg i n ia 
Un iversity ,  Morgantown , p .  296-3 1 1 .  
Th is paper presents the resu lts of an  extens ive 
geomechan ica l  test ing and mon itor ing program 
conducted at a longwal l  panel . The f ie ld  program 
incl u ded the mon itor ing of roof caving  sequence 
and mechan ism,  surface subsidence, change of 
p i l l a r  stress, roof d isplacement and entry con­
vergence,  and strength characterization of the 
overbu rden rocks . The response of e ight h eadgate 
p i l l a rs and  the adjacent entries was mon itored as 
the longwal l  face approached and passed the 
instru mented locations .  Overbu rden response to 
longwal l  m in i ng  was mon itored using TDR; the 
he ight of the h igh ly fractu red zone above the gob 
was determined by postmin ing  dr i l l i ng . Good 
correlation was found  between the height of the 
h ig h ly fractu red zone and the TDR, su bsidence, and 
pi l lar stress d ata . The resu lts provide a deta i led 
p ictu re of the response of overburden strata and 
chain p i l l a rs to longwal l  m in i ng .  
Keyword (s) : longwal l ,  monitoring  methods, 
overburden , mon itoring  equ ipment, mod_e l ing,  coa l 
m in i ng ,  rock mechan ics,  i nstru mentation,  p i l lar  
strength , su rvey equ ipment, survey methods, 
su rvey data processing 
Locatio n (s) :  Appa lach ian Coa l Region , Un ited 
States 
S u ,  D. W. H. F in ite E lement Model ing of S ubsidence 
I nduced by Underground Coal M in ing :  The I nf luence 
of Materia l  Non l inearity and Shearing  Along Existing  
P lanes of  Weakness . I N :  Proceedings 1 0th 
I nternationa l  Conference on Grou nd Control in 
M in i ng ,  June  1 0- 1 2 , 1 99 1 ,  S .S .  Peng ,  ed . ,  West 
Virg i n ia Un iversity, Morgantown , p. 287-300 . 
Su rface su bsidence induced by mu ltip le-panel  
coa l extraction was calcu lated with fi n ite element 
stress ana lysis . The use of non l inear mater ia l  
behavior and GAP elements, wh ich provide a 
rea l istic representation of shear ing a long existing 
p lanes of weakness, a l lows the f in ite element 
program to accu rately reproduce observed 
su bsidence profi les . 
Keyword (s) : f in ite element, model ing,  coal 
m in i ng ,  p red iction , mathematica l model 
Location (s) : Appa lachian Coa l Region , Un ited 
States 
Su ,  D .  W .  H .  F in ite Element Model ing of S u rface 
Subsidence I nduced by Underground Coal M in i ng . 
I N �  Proceedings Th ird Workshop on S u rface 
Subsidence Due to Underg round M in i ng ,  June  1 -4, 
1 992 ,  S .S .  Peng,  ed . ,  Morgantown ,  WV, p.  3 2-46 . 
The fi n ite element model described and 
eva luated in th is paper is based on 5 years of  
u nderground and surface observat ions and 
evolutionary development of  model ing techn iques 
and attributes . The model can be used to calcu late 
post-min ing stress and stra in  cond it ions at any 
horizon between the  mine and the  ground  surface . 
Keyword (s) : f in ite element, model i ng ,  coal 
m in ing ,  prediction ,  longwal l ,  rock mechan ics 
Location (s) : Appalach ian Coal Reg ion ,  Un ited 
States 
Su ,  W. H . ,  S .  M. Hs iung ,  S .  S .  Peng .  O pti m u m  
M i n i n g  Plan for Mu ltiple Seam M in i ng .  I N :  Rock 
Mechan ics in Productivity and Protection , 
Proceedings 25th Symposium on Rock Mechan ics, 
Northwestern Un iversity, Evanston , I L, J u ne 25-27,  
1 984, C . H .  Dowding and M . M .  S ingh ,  eds . ,  S M E­
AI M E, New York, p .  59 1 -602 . 
Mu ltip le seam min ing  and its associated 
problems are very serious in  southern West Virg in ia  
where poor plann ing  or l ack  of  knowledge in  seam 
interaction often resu lts in  complete loss of coal  
properties . Several measures h ave been proposed to 
a l leviate the interaction problems u nder various 
mu ltiple seam conditions, but few of them are 
specific in ·  terms of min ing  pla n .  Two para l le l  
approaches are adopted for th is paper.  
Keyword (s) : coal  m in ing ,  mu lt ip le-seam 
extraction ,  active mines, fin ite element 
Location (s} : West Virg in ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Subsidence Compensation Review Committee .  The 
Repa ir and Compensation System for Coal M in i ng  
Subsidence Damage . Department of  Energy, 
London , 1 984, 98 p .  
Keyword (s} : su rface structu ral damage, coal 
m in ing  
Location (s) :  Un ited Kingdom 
Sugawara, K . ,  Y. Obara, H. Okamu ra .  Pre­
Calcu lation of Su rface Subsidence Due to Coa l 
M in ing .  I N :  Proceedings 5th I ntern ationa l  
Conference on Numerical Methods in 
Geomechan ics, Nagoya , Japan ,  Apri l  1 -5 ,  1 98 5 .  
A fin ite element procedure i s  appl ied for the 
pred iction of surface subsidence . It  featu res 
improvements, such as use of jo int e lements for 
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bedd ing p lanes and considerations of the sca le 
effect on the stiffness of d iscontinu ity and the 
transverse an isotropic behavior of rock related to 
the tens i le  fracture,  and perm its the s imu lation of 
th in  seam extraction . 
Keyword (s ) : pred iction,  fin ite element, longwa l l ,  
overburden,  model ing ,  coal m in ing ,  geologic 
featu res 
S u l l ivan ,  A. M .  Satel l ite Photos Trace Unstable 
M ine  Roof . Coal Age, v .  83, no. 9 ,  1 978 ,  p. 60-69 . 
Keyword{s) : photography, coal m in ing ,  roof 
stabi l ity, remote sens ing 
S u l l ivan ,  P .  J . ,  C.  F .  H utch inson , J .  Makihara ,  J .  
Even s izer .  Methodology for the Environmenta l 
Assessment of Advanced Coal Extraction Systems . 
Jet Propu ls ion Laboratory, Pasadena,  CA, June  1 5 , 
1 980, 205 p .  ( NTIS J PL-PUB-79-82 )  
Keyword (s} : envi ronment, coal m in i ng ,  land-use 
p lann i ng  
Location (s) : Un ited States 
S u m mers,  D. A . ,  ed . Rock Mechan ics : A State of 
the Art .  Proceedings 2 1 st U . S .  Symposium on Rock 
Mechan ics, May 2 8-30, 1 980, Un iversity of 
M issouri at Rol la ,  835 p .  
Keyword (s) : rock mechan ics, fin ite element, 
longwal l ,  model i ng ,  groun d  contro l ,  room-and-pi l lar, 
s u rface structural damage, ra i l roads, p i l lar  
extraction , m ine  design , lab  testing  
S u m mers, J .  W . ,  R .  I .  Jeffery . Nu merica l Prediction 
of Strata Deformation Associated with Longwal l  
M in i ng .  Transactions I nstitution of Min ing and 
Meta l l u rgy, Jan-Apr, v .  1 0 1 ,  1 99 2 .  
Keyword (s) : prediction ,  longwal l  
S utherland,  H .  J . ,  R .  A.  Sch midt, K.  W .  Schu ler, E .  
S .  Benz ley. Physical  S imu lation of  Subsidence by 
Centrifuge Tech n iques .  Report on Department of 
Energy Contract No .  DE-AC04-76DP007 89,  1 979,  
1 8  p .  ( NTIS SAN D-78-2272C) 
Keyword (s) : model ing,  physical  model 
Location (s) : Un ited States 
Sutherland,  H . J . ,  · R .  A. Sch midt, K. W. Sch u ler, S .  
E .  Ben z ley. Physical S imu lations of Subsidence by 
Centrifuge Tech n iques .  I N :  Proceedings, 20th U .S .  
Symposiu m  o n  Rock Mechan ics, Austin ,  TX, June 
4-6,  1 979 ,  p .  279-2 8 6 .  
T h e  subsidence of l inearly elastic strata above 
sha l low m ine  drifts is stud ied by us ing centrifuge 
s imu lation techn iques and fi n ite-element 
calcu lational  techn iques .  The centrifuge s imu lations,  
conducted on a 6-foot-rad ius mach ine,  examined 
six configurations in jo inted and unjo inted 
structures of fou ndry stone and ash fa l l  tuff .  Two of 
these configurations are ana lyzed n u merica l ly .  
Keyword (s) : f in ite e lement,  model i ng ,  physical  
model 
S utherland ,  H . J . ,  K .  W .  Schu ler, S.  E .  Benz ley . 
Observations and Analytic Calcu lat ions of Strata 
Movement Above Ideal ized Mine  Structu res . I N :  
Proceed ings, 7th Annua l  Underground Coal 
Conversion Symposium,  Fal len Leaf Lake, CA, 
September 8- 1 1 ,  1 98 1 ,  p. 290-302 . 
Keyword (s) : mine design ,  model ing ,  
overburden , coa l m in ing  
Sutherland,  H . J . ,  D .  E .  M unson . Complementary 
I nf luence Functions for Predicting  S u bsidence 
Caused by Min in g .  I N :  Issues in Rock Mechan ics, 
Proceed ings 23rd U . S .  Symposium on Rock 
Mechan ics, R . E .  Goodman and F . E .  Heuze, eds . ,  
S M E, New York, 1 982 ,  p .  1 1 1 5- 1 1 2 1 .  
S u rface su bsidence caused by u n dergrou nd  
m in i ng  is described through  complementary 
influence fu nctions .  The complementary fu nct ions 
developed here d iffer from the s imple fu nct ions 
previously used in that the surface displacement is  
the resu lt of the combined contributions of the 
mined and un mined zones . This e l im inates 
computational  d ifficu lties experienced with the 
simple functions in determ in ing the deflections 
above the rib side and in  the eventua l  appl ication of 
inf luence functions to complex room-and-pi l lar  
configu rations .  Although the ana lysis framework 
presented is intended for predicti ng su bsidence over 
complex mine configurations,  use of the 
complementary fu nctions is  i l l ustrated adequately 
by appl ication to a longwal l  panel  of the Old Ben 
No. 24 coal m ine .  
Keyword (s ) :  i nfl uence function ,  pred iction , 
empirical model, rock mechan ics, longwal l ,  coal 
m in ing  
Location (s) : I l l i nois, I l l i nois Coa l  Basin , Un ited 
States 
Sutherland,  H. J .  Centrifuge S imu lations of the 
Subsidence Over Coal M ines and the Stabi l ity of 
Ta i l ings Dams . I N :  H igh G ravity S imu lation for 
Research in Rock Mechan ics, G . B .  Clark, ed . ,  
Colorado School of Mines, May 1 3- 1 4, 1 982 ,  p .  
7 1 -9 8 .  
Keyword (s) : model ing,  coal m in ing  
Location (s) : Un ited States 
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Sutherland ,  H. J . ,  K .  W .  Schu ler .  A Review of 
S u bsidence Prediction Research Conducted at 
Sand ia  Nationa l  Laboratories . I N :  Proceedings,  
Workshop on S u rface Subsidence Due to 
Underground  Min ing ,  November 30-December 2 ,  
1 98 1 ,  S .S .  Peng  and M .  Harth i l l ,  eds . ,  Department 
of M in i ng  Eng ineering ,  West Virg in ia Un ivers ity, 
Morgantown , 1 982 ,  p. 1 - 1 4 . 
Th is  paper h igh l ights resu lts of the subsidence 
research program at Sand ia  Nationa l  Laboratories : 
the app l ication of empirical  methods to subsidence 
above longwa l l  panels; the use of the "rubble 
model"  to describe the behavior of broken strata as 
it d istends when it fa l ls  to the mine floor and then 
is  compacted by overlying  strata; and the appl ica­
tion of physical  model ing  tech n iques (centrifuge 
s imu lations}  and n umerical tech n iques to study fai l ­
u re mechan isms in  h igh ly structured stratigraphy.  
Keyword (s ) : vertical d isplacement, longwal l ,  
p rediction , model i ng ,  geologic featu res, su bsidence 
research 
Location (s} :  I l l inois,  I l l i nois Coal Bas in ,  West 
Virg in i a ,  Appalach ian Coal Reg ion,  Un ited States 
S utherland ,  H .  J . ,  K .  W .  Schu ler .  A Review of 
S u bsidence Prediction Research Conducted at 
Sandia  Nation a l  Laboratories .  Sandia Nationa l  
Laboratories, Report SAND82-00 1 7 , Albuquerque,  
NM, Apri l ,  1 982 ,  46 p .  
Th is paper reviews the resu lts of the sub­
s idence research program at Sandia Nationa l  
Laboratories . The manuscript h igh l ights the fol low­
i ng : the app l ication of empi rical methods (profi le  
functions)  to the subsidence above longwa l l  panels 
i n  the Un ited States; the use of the "rubble model" 
to descr ibe the behavior of broken strata as it d is­
tends when it fa l ls  to the mine floor (or top of the 
ru bble p i le }  and then is  su bsequently compacted as 
it is loaded by overlyin g  elements of strata; and the 
app l ication of physical model ing tech n iques (centri­
fuge s imu lations)  and nu merical tech n iques to study 
the fa i l u re mechan isms in  h igh ly structu red stratigra­
phy .  The capabi l ities of the latter two are i l l ustrated 
by compar ing their  predictions to the resu lts of a 
f ield case that has compl icated stratigraphy.  
Keyword (s ) :  empirical model, profi le fu nction , 
model i ng ,  geologic features, longwa l l  
Location (s } : Un ited States 
Sutherland,  H . J . ,  K. W. Schu ler, S. E .  Benz ley . 
Nu merical  and Physical  S imu lations of Strata 
Movements Above Ideal ized Mine Structu res . I n  
S itu , v .  7 ,  n o .  1 ,  1 983,  p .  87- 1 1 3 . 
Keyword (s) : model ing,  physical model 
Sutherland,  H .  J . ,  P .  J .  Hommert, L. M .  Taylor, S .  
E .  Benz ley. Su bsidence Pred iction for the 
Forthcoming TONO UCG Project . I N :  Proceedings 
9th Annua l  Underground Coa l Gas ification 
Sympos ium,  DOE/M ETC/84-7 (DE84003052 ) ,  
December, 1 983,  p .  99- 1 08 .  
Keyword (s} : pred iction,  coal gasification 
Location (s} : Un ited States 
Sutherland, H . J . ,  P. J .  Hommert, L .  M .  Taylor, S .  
E .  Benz ley . Subsidence Model i ng .  I N :  Process and 
Tech nology Development Activities for I n  S itu Coal 
Gasification-FY83,  R . E .  G lass, ed . ,  Sand ia Nationa l  
Laboratories , Albuquerque,  N M ,  SAND83 -204 1 , 
October, 1 983,  p .  33-49 . 
Keyword (s} : model ing ,  coa l gas ification 
Sutherland,  H. J . ,  D. E. Mu nson . S u bsidence 
Prediction for H igh Extraction Min ing  Using 
Complementary I nf luence Functions .  Sand ia  
Nationa l  Laboratories Report, SAND82-2949,  U . S .  
DOE contract DE-AC04-76DP00789 ,  Albuquerque ,  
NM,  February, 1 983,  3 1  p .  ( NT IS  SAN D82-2949}  
A new approach has been developed for  the 
use of  inf luence fu nctions in  the prediction of  mine 
subsidence . I n  th is approach,  complementary 
inf luence functions are developed for the response 
of both m ined and unmined elements . The su rface 
displacement is then determined by integratin g  
(appropriately summing}  t h e  response for each u n it 
element over its area of infl uence . Both elements 
contribute sign ificantly to the subsidence pre­
d iction . Development of complementary i nfl uence 
functions represents a s ign ificant advancement in  
the su bsidence ana lysis of  compl icated room-and­
p i l lar  mines us ing empirical tech n iques .  Com­
parisons between f ie ld data and predictions for two 
longwal l  panels and a room-and-pi l lar  panel  i l l ustrate 
the capabi l ities of this tech n ique .  
Keyword (s) : vertical d isplacement, prediction , 
influence function ,  empirical  model , model i ng ,  
room-and-pi l lar, longwal l ,  yie ld ing supports 
Location (s} : I l l i nois, I l l i nois Coal Bas in ,  West 
Virg in ia ,  Pennsylvan ia,  Appa lach ian Coal Reg ion ,  
Un ited States 
Sutherland, H .  J . ,  A. A. Heckes, L. M .  Taylor .  
Physical  and Nu merical S imu lations of Su bsidence 
Above High Extraction Coal Mines . Preprint, Sand ia  
Nation a l  Laboratories, Albuquerque,  NM, for  the 
U . S .  Department of Energy, SAN D83- 1 1 9 1  C ,  
March , 1 984, 8 p .  
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Model ing  the fa i l u re and settlement of strata 
above m ine  open ings requ i res a knowledge of 
severa l d ifferent geomechan ical  processes such as 
the fa i l u re of the rock mass above the open ing,  the 
fa l l  of this mass into the open ing ,  the associated 
bu lking  of the rock rubble,  and the recompaction of 
the rubble u n der subsequent load ing . These 
processes are stud ied in  this paper us ing physical 
models and ana lytica l  models .  The former are based 
on centrifuge s imu lation techn iques and the latter 
on n umerical  techn iques .  
Keyword (s) : model ing ,  coa l  m in ing ,  overburden, 
physical  model 
Location (s ) :  Un ited States 
S utherland,  H .  J . ,  D. E. Mu nson . Prediction of Mine 
S u bsidence Using Complementary I nf luence 
Functions .  I n ternationa l  Journa l  of Rock Mechan ics 
and M in ing  Sciences & G eomechan ics Abstracts, v .  
2 1 ,  n o .  4 ,  .August, 1 984, p .  1 95-202 . 
S u rface su bsidence caused by h igh-extraction 
u n derg rou nd  m in ing  is described through com ple­
mentary inf luence fu nction s .  This concept d iffers 
from other proposed concepts in that the surface 
d isplacement is the resu lt of the combined contribu­
t ions of m ined and un mined zones . The approach 
e l im inates computationa l  d ifficu lties experienced 
with the conventiona l  infl uence fu nctions in  deter­
m in i ng  the deflections above the rib s ide, and in the 
app l ication of infl uence functions to complex room­
and-p i l lar  configu rations .  The genera l  ana lytica l 
framework for complementary inf luence functions is 
reported here .  Th e tech n ique  is  i l l ustrated with 
ana lyses of several case h istories which inc lude 
both longwa l l  and room-and-pi l lar  mine p lans .  
Keyword (s} : p rediction,  influence fu nction ,  rock . 
mechan ics, empirical  model, longwal l ,  room-and­
p i l l a r  
Location (s) : I l l ino is, I l l inois Coa l  Bas in ,  
Pen nsylvan ia ,  West Virg in ia,  Appalach ian Coal 
Region , Un ited States 
S utherland ,  H .  J . ,  P. J .  Hommert, L .  M .  Taylor, S .  
E .  Benz ley. S u bsidence Pred iction for Two UCG 
Projects . I n  S itu , v. 8 ,  no. 4, 1 984, p. 347-367 .  
Keyword (s} : prediction 
Suth erland ,  H. J .  The Use of Centrifuge S imu lation 
Techn iques in  U . S .  Rock Mechan ics . I N :  1 984 
Annua l  Review of  U . S .  Progress in  Rock Mechan ics : 
Rock Dynamics, F . E .  Henze,  ed . 
Keyword (s} : rock mech an ics, model i ng  
Location (s} :  Un ited States 
Sutherland,  H .  J . ,  A .  A. Heckes, L. M .  Taylor .  
Physical  and Nu merical S imu lations of S u bsidence 
Above H igh Extraction Coal Mines .  I N :  Proceedings, 
International  Society for Rock Mechan ics . 
Sympos ium on Design and Performance of 
Underground Excavations, Cambridge, Eng land,  
September, 1 984, E .T .  Brown and J .A .  Hudson , 
eds . ,  British Geotechn ical Society, London,  p .  
65-7 2 .  
Keyword (s) : coal m in ing ,  model i ng ,  physical 
model 
S utherland,  H . J . ,  L .  M. Taylor, S. E. Benz ley . 
Physical  and Nu merical S imu lations of S u bsidence 
in Fractu red Sha le Strata . I N :  Proceedings,  1 0th 
Annual  Underground Coal  G asification Symposiu m ,  
DOE/METC-85/5 (DE8500 1 956) ,  December, 1 984, 
E .  Burwel l ,  L .  Dockter, and J .W.  Martin ,  eds . ,  p.  
388-399 . 
Keyword (s} :  pred iction,  mode l ing ,  physical 
model,  overburden , coa l gasification,  roof stabi l ity 
S utherland,  H .  J .  Roof Stabi l ity Prediction for the 
TO NO UCG S ite . Underground Coal Gas ification 
Program FY84 An nua l  Report, C . E .  Tyner, ed . ,  
SAND85-0 1 0 1 , Sand ia  Nationa l  Laboratories, 
Albuquerque, NM,  March , 1 985 ,  p. 3 9-4 1 . 
Keyword (s } :  roof stabi l ity, prediction ,  coa l 
gasification 
Location (s} : Un ited States 
Sutherland,  H. J. Su bsidence and Roof Stabi l ity 
Analyses for the Extraction and In S itu Process ing 
of Fossil Fuels .  Sandia Nationa l  Laboratories , 
Albuquerque,  NM,  Report SAN D85-207 7 ,  for U . S .  
Department of Energy, (DE86007552} ,  December, 
1 985 ,  95 p .  (NTIS 62475 1 747 F )  
I n  the late 1 970s, a coa l mine su bsidence 
research and development program was in itiated at 
Sandia Nationa l  Laboratories for the U . S .  Depart­
ment of Energy . The program objective was to 
develop the capabi l ity to predict surface subsidence 
above coal mines as a fu nction of the mine p lan and  
the  geolog ic settin g .  As  th i s  research progressed , 
its scope was expanded to encompass strata 
motions associated with in situ extraction of fossi l  
fuels .  A comprehensive bibl iography of the 
pu bl ications produced by th is program and 
synergistic studies at Sand ia  is inc luded . 
Keyword (s} : pred iction,  coal m in ing ,  m ine  
design ,  geologic featu res, longwa l l ,  model ing ,  roof 
stabi l ity, room-and-pi l lar, empir ical model,  i nfl uence 
function ,  fin ite element, l iteratu re search 
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Location (s } :  Un ited States, Eng land,  Wyoming ,  
I l l i nois ,  New Mexico, Wash ington ,  Pen nsylvan ia  
S u z u ki ,  K .  Stress Variation in  Coal-Seam Near 
Lon gwal l  Work ings Underground .  Journal M in ing  & 
Meta l lu rgy I nstitute, Japan ,  v. 74, 1 958 ,  p .  
9 9 6- 1 000. 
Keyword (s ) :  longwa l l ,  coa l m in ing  
Swa in ,  H .  Successfu l Design for M in ing  
S u bsidence . Arch itectu re Journa l ,  v .  1 43 ,  May, 
1 974, p. 1 047- 1 054.  
The author describes a bu i ld ing construction 
system (CLAS P}  designed for articu lated structu res 
located over u n dermined areas . Rather than 
depend ing  on strength , the bu i ld ings are designed 
to depend on l ightness and flexibi l ity to withstand  
the  effects of  subs idence . The  key component, 
d iagona l  spri ng- loaded wind brace, permits the 
bu i ld ings to resist wind forces but compress to 
a l low the bu i ld ing frame to adjust to su bsidence. 
Keyword (s} :  su rface structural damage, g rou nd 
contro l ,  construction ,  eng ineering ,  arch itecture 
Swal low, F .  C .  Caving Chambers .  Col l iery G uard ian ,  
v . 1 57 ,  1 938 , p . 1 079 and 1 1 59 ; v. 1 58 ,  1 939 , p .  
3 9 2 .  
Cav ing the roof in  certa in  areas lessened the 
stress and strengthened the roof over areas 
adjacent to the caved area . 
Keyword (s) : roof stabi l ity 
Swart, L. The Extraction of a Shaft P i l lar  at Sha l low 
Depth . .Association Mine  Managers Transvaa l ,  
Papers and Discussions, 1 952/53, p .  93- 1 03 .  
Keyword (s} : p i l l ar  extraction , room-and-pi l lar  
Location (s} :  South Africa 
Sweet, A .  L .  Val id ity of a Stochastic Model for 
Predicti ng  Subsidence.  I N :  ASCE  Journal  
Eng ineer ing Mechan ics Division ,  v .  9 1 ,  no .  EM6, 
Proceedings Paper 4573, 1 965, p .  1 1 1 - 1 28 .  
Experiments us ing sand a n d  g lass spheres as 
media investigated the smal l  subsidence of media 
between two para l le l  p lates of g lass resu lti ng  from 
the med i u m  escap ing th rough a narrow open ing at 
the lower edges of the p lates . 
Keyword (s) : prediction , stochastic model, 
model i ng ,  empirical model 
Location (s} : Un ited States 
Sweet, A .  L . ,  J .  L. Bogdan off . Stochastic Model  for 
Predicting  Subsidence . ASCE Journa l  Eng ineeri ng  
Mechan ics Division , v .  9 1 ,  no .  EM2,  1 965,  p .  
2 1 -45 . 
A stoch astic model for pred ictin g  subsidence of 
a granu lar  med ium is presented; it yields a Markov 
cha in  for wh ich a solution is not found . Time is 
e l iminated as a variable by examin ing  the 
subsidence only after motion has ceased . 
Keyword (s) : pred iction , stoch astic model , 
model ing ,  empirical model 
Symons, M. V.  Sources of I nformation for 
Pre l iminary S ite I nvestigation in  Old Coal M in ing  
Areas . IN :  Large G round Movements and  
Structures, Proceedings I nternationa l  Conference ,  
Un iversity of  Wales Institute of  Science and 
Technology, Card iff, 1 977,  J . D . G eddes, ed . ,  Joh n 
Wi ley & Sons, New York, 1 978 ,  p .  1 1 9- 1 35 .  ( NTIS 
Accession No .  79-226 1 7) 
Al l known sou rces of information relatin g  to 
past coa l min ing activities were consu lted for an 
area where coal extraction from the productive 
Upper Coal Measures took place between the 1 6th 
and mid-20th centu ries . The occu rrence of shafts, 
ad its, and sha l low workings obta ined from th is 
study were compared with that obta ined by the 
normal procedure of referring  to the abandon ment 
p lans he ld by the Nationa l  Coal Board , to Ordnance 
and Geological Su rvey p lans,  to G eological  
Memoirs, and to aer ia l  photographs .  The benefits 
to be gained from this more extens ive form of 
pre l im inary i nvestigation are assessed and the 
feasibi l ity of  adopting  it as standard procedu re is 
d iscussed . Recommendations are made in  relation 
to s ite investigations in old coa l m in ing  areas .  
Keyword (s) : coal m in ing ,  abandoned mines,  
surface structu ra l  damage,  eng ineeri ng ,  land-use 
plann ing ,  National  Coal Board 
Location (s) : Un ited Kingdom 
Symons, M. V .  Prel iminary S ite Investigation in  Old 
Coa l Min ing Areas -Problems of Corre lating  Coal 
Seam Names. I N :  Ground Movements and 
Structu res, Proceedings 2nd I nternationa l  
Conference, Un iversity of  Wales I nstitute of 
Science and Technology, Card iff, 1 980, J . D .  
Geddes, ed . ,  Jo�n  Wiley & Sons, New York, 1 98 1 ,  
p .  2 1 1 -237 . 
This paper examines the problems involved in  
correlating  o ld  coal seam names with present 
known seams in an area where coal was mined 
between the 1 6th and mid-20th centuries . The 
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practical benefits to be ga ined from th is correlation 
a re assessed . 
Keyword (s) : coa l m in ing ,  h istorica l ,  land-use 
p lan n ing ,  eng ineer ing 
Location (s ) : Un ited Kingdom 
Symons, M. V .  S ite I nvestigation in Old Coa l M in ing 
Areas--Recommended Procedure for the Desk 
Study. I N :  G round Movements and Structures, 
Proceedings 3rd Internationa l  Conference, 
Un iversity of Wales I nstitute of Science and 
Tech nology, 1 984, J . D .  Geddes, ed . ,  Pentech , 
London,  1 985 ,  p .  1 73 - 1 8 7 .  
Deta i ls are provided o f  a good practice 
procedu re for carrying  out the Desk Study for a s ite 
i nvest igation in an old coal  m in ing  area . Step-by­
step instructions a re given ,  in both written and flow 
chart form, with a l l  information sources l isted and 
the feasib i l ity of consu lti ng  them discussed . 
Keyword (s) : abandoned mines,  l iterature 
search ,  coal m in ing ,  land-use plann ing ,  Nationa l  
Coal Board 
Location (s) : Un ited Kingdom 
Systems Plann ing  Corporation . Eva luation of M ine  
S u bsidence, Neigh borhood Development Program,  
Webster-E lba and Roberts-Devi l l iers Project Action 
Areas . Report for the Urban Redevelopment 
Authority, Pittsburgh ,  PA, 1 97 3 .  
Th is paper covers su bsidence o f  mines operated 
prior to 1 900 at depths of less than 1 00 feet . Pos­
s ib le su bsidence prevention measures inc luded 
overexcavation ,  deep foundations, loose f i l l i ng ,  
grout  colu mns,  and  bu lk  g routi ng .  
Keyword (s ) :  g routi ng ,  h istorica l ,  abandoned 
mines, structu ra l m itigation,  land-use plann ing  
Location (s ) : Pennsylvan ia ,  Appalach ian Coal 
Reg ion , Un ited States 
Szpetkowski, S. Obl icza n ie Wielkosci Deformacj i  
Powierzch n i  Na Terenachgorn iczych (Ca lcu lati ng  the 
Extent of Su rface Deformation Resu lt ing from 
Min i ng  Exploitation ) .  Przeglad Gorniczy, v .  27, no .  
4, 1 9 7 1 , p . 1 7 0- 1 7 4 .  
Keyword (s) : pred iction 
Szpetkowski ,  S .  Wyznaczanie Deformach 
Powierzch n i  Przy Eksploatej i Prostokatnych Pol 
Pokladow Poz iomych (Determination of S u rface 
Deformation in  Excavation of R ightangled Fields of 
Horizontal Seams) .  Arch iwum Gornictwa, v . 2 1 ,  no .  
3 ,  1 976,  p .  205-222 . 
Keyword (s) : p rediction 
Szpetkowski,  S .  Prognozowan ie Wplywow Na 
Powierzchn i  Terenu Nie Zlozach Pokladowych 
( Forecast ing Min ing  Effects on the Land  Su rface of 
Ungotten Sol id Coa l and Roadside Packs in  
Sed imentary Deposits ) .  Przeglad Gorn iczy, v .  35,  
no .  7-8,  1 979,  p .  292-294.  
Keyword (s) : prediction 
Szpetkowski, S. Determination of Su rface 
Subsidence Whi le Extractin g  Severa l Coal Seams at 
Med ium and Great Depth with Cavi n g .  I nternation a l  
Journal  of  Rock Mechan ics and M in ing  Sciences & 
Geomechan ics Abstracts, v .  1 9 , n o .  3 ,  Ju ne,  1 982 ,  
8 p .  
Keyword (s) : surface subsidence damage, 
prediction , mine design ,  mu ltip le-seam extraction , 
coa l min ing 
Szpetkowski,  S .  Extended Range of  Determination 
of the Predicted Effect of Underground  M in i ng  for 
the Purpose of S u rface Protection . Arch ivu m 
Gornictwa (Min ing  Arch ive ) ,  v .  27 ,  1 982 ,  n o .  1 -2 
( in Eng l ish ) .  
Keyword (s) : prediction 
Szumierz, W. Wplyw Poz iomych Deformacj i  
Gorniczych Podloza Na Prace Budowli Lin iowych 
( I nfluence of Horizontal Deformations on the 
Subsidence of Linear Structu res) .  Arch iwum 
lnzynieri i  Ladowej, v .  22 ,  no .  4, 1 976 ,  p .  647-663 . 
Keyword (s ) :  horizontal d isplacement, su rface 
structu ra l damage 
Szwi lski ,  A .  B. ,  B .  N.  Wh ittaker .  Control of Strata 
Movement Around Face-Ends . M in ing  Eng ineering ,  
V .  1 74, 1 975,  p .  5 1 5-525 . 
Keyword (s) : m ine des ign ,  longwa l l ,  g round  
control 
Szwi lski ,  A. B .  Stabi l ity of Coal Seam Strata 
Undermined by Room and Pi l lar  Operations .  I N :  
Proceedings 20th U .S . Sympos ium o n  Rock 
Mechan ics, June 4-6, 1 979 ,  Un ivers ity of Texas, 
Austin ,  p .  59-65 . 
369 
Min ing  interaction in  mu ltiple seam coal mines 
is an  ever i ncreas ing problem .  I nteraction is a 
s ign ificant m in i ng  feature that demands effective 
p la n n i n g . Ana lysis of the min ing  situation can 
a l leviate the r isks of interaction , enhance profita­
b i l ity and the development of reserves . Subse­
quently systematic m in ing  shou ld be practiced . A 
concept of anticipating  the effect of u ndermin ing  
coa l  seams by room-and-pi l lar  operations has been 
developed based on an actua l  case study.  A paral le l  
is  made to that of an advancing/retreating  longwal l  
pane l . Conclus ions are drawn as to  the  best m in ing  
method of  exploiting  the  d isturbed coal seam that 
has  been u ndermined ,  based on the specific 
geolog ica l  condition s .  
Keyword (s ) :  m u ltiple-seam extraction ,  coa l 
m in i ng ,  m ine  design ,  room-and-pi l lar, geolog ic 
featu res 
Location (s) : Rocky Mou nta in Coa l Region , 
Un ited States 
S zwi lsk i ,  T. B. Inf luence of Coal Rib P i l lar  Width on 
the Stab i l ity of Strata Arou nd the Face-End and 
G ateroad in  Longwal l  M in i ng .  I N :  Rock Mechan ics :  
A State o f  t h e  Art, Proceedings 2 1 st Symposiu m  on 
Rock Mechan ics, Un iversity of M issouri at Rol la ,  
May 28-30, 1 980, D .A .  Summers, ed . ,  p .  285-298 .  
The effic ien cy of operation and l ife of an 
advanc ing longwal l  coal face depends, to a great 
extent, on the face-end roof strata conditions and 
the stab i l ity of  the gateroads .  The factors that in­
f luence the rate of closu re of gateroads are exam­
i ned , in  particu lar, the gateside pack and the coal 
r ib (crus h )  p i l l a rs .  The performance of mechan ized 
packin g  systems is briefly discussed . Gateroad 
deformation surveys were carried out at two coa l 
m ine� to determine  the influence of the rib p i l lar  
width on the gate road stabi l ity . 
Keyword (s) : coa l m in ing ,  longwal l ,  rock 
mechan ics, g round contro l ,  mine design 
Location (s) : E 
Tadol i n i ,  S .  C . ,  K. Y. Haramy. Gateroads with Yield 
P i l lars for Stress Control . I N :  Proceedings 4th Con­
ference on G round Control for M idwestern U . S .  
Coa l M ines, Mt. Vernon , I L, November 2-4, 1 992 ,  
Y. P .  Chugh  and  G .  Beasley, eds . ,  Southern I l l i nois  
Univers ity, Carbonda le, p .  1 79- 1 94.  
G round control problems associated with deep 
coa l  mines h ave i ncreased interest i n  the des ign of 
longwa l l  gateroads us ing yield ing p i l lars .  Th is paper 
presents a d iscussion of the yield pi l lar theory and  
assesses the  stabi l ity of  gateroads with yield p i l l a r  
configurations .  Case stud ies were conducted in  two 
underground longwal l  m ines us ing  two- and th ree­
entry yield ing cha in  p i l lar  configurations .  
Keyword (s) : ground control ,  coal m in i ng ,  active 
mines, yie ld ing supports, longwa l l ,  p i l l a r  strength , 
mine design , instru mentation,  geologic featu res 
Location (s} : Utah ,  Colorado, Rocky Mounta in  
Coa l Reg ion,  Un ited States 
Tandanand,  S . ,  L. R .  Powell .  Consideration of Over­
burden Litho logy for Subsidence Prediction . I N :  
Proceedings Workshop o n  Su rface S u bsidence Due  
to  Underground Min ing ,  Morgantown , WV,  Novem­
ber 30-December 2 ,  1 98 1 ,  S . S .  Peng and M. Hart­
h i l l ,  eds . ,  Department of M in ing  Eng ineeri ng ,  West 
Virg in ia  Un iversity, 1 982 ,  p. 1 7-29 .  
Geologica l  differences among various  coalfie lds 
restra in  the appl icabi l ity of su bsidence prediction 
using exist ing European methods . To modify these 
methods for domestic conditions,  the US BM devel­
oped a method of assessment to eva luate the 
l ithological effects on subsidence in the Northern 
Appa lach ian basin by examin ing  data col lected from 
1 6  longwal l  panels in the coalfield . Resu lts to date 
showed that the ratio of maximum subsidence to 
extraction th ickness, known as the subsidence 
factor, can be expressed in terms of the width-to­
depth ratio by a simple exponential  equ ation that 
has a coefficient tentatively considered as the 
subsidence index. This index varies with the l ithol­
ogy of a particu lar  site and can be expressed in  
terms of  the percent d istr ibution of  weak and 
strong rocks in  the  overburden . 
Keyword (s} : prediction , overburden,  prediction , 
longwa l l ,  coal m in ing ,  geologic features 
Location (s} : Appalach ian Coa l Reg ion ,  Un ited 
States 
Tandanand,  S . ,  L. R. Powel l . Assessment of 
Su bsidence Data from the Northern Appalach ian 
Basin for Subsidence Prediction . U . S .  Bureau of 
Mines R I  8630, 1 982,  1 4  p.  
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The authors i nvestigated data col lected from 1 6 
longwa l l  panels in the northern Appalach ian bas in ,  
paying  particu lar  attention to the effects of  rock 
l itho logy, excavation width , and panel depth on the 
subsidence factor .  Based on these data , the 
subsidence factor is expressed in  terms of the 
width-to-depth ratio by an  exponential equation . 
Keyword(s) : vertical d isplacement, longwal l ,  
pred iction ,  su rvey data process ing,  geolog ic 
featu res, coa l m in ing  
Location (s) : Appalach ian Coa l  Reg ion,  Un ited 
States 
Tandanand,  S . , L .  R. Powel l .  I nf luence of Lithology 
on Lon gwal l  M in ing  S u bsidence. Min ing 
Eng ineeri ng ,  December, 1 984, p .  1 666- 1 67 1 . 
Data were col lected from 1 3  mines in the 
Northern Appalach ian Coa l Bas in  to assess the 
geological  effects on the ratio of maximum su b­
s idence and extraction th ickness, known as the 
subsidence factor, to develop a s imple su bsidence 
prediction method . 
Keyword (s) : su rvey data processing, prediction , 
longwa l l ,  geolog ic  featu res, coal m in ing 
Location (s} :  Pennsylvan ia ,  Oh io, West Virg in ia ,  
Maryland,  Appalach ian Coal Region , Un ited States 
Tandanand,  S .  Moisture Adsorption Rate and 
Strength Degradation of  I l l inois Sha les . I N :  Research 
& Eng ineerin g  Appl ications in Rock Masses , 
Proceedings 2 6th U . S .  Symposiu m  on Rock 
Mechan ics, South Dakota School  of M ines & 
Tech nology, Rapid City, June  26-28,  1 985 ,  E .  
Ashworth , ed . ,  Balkema, Rotterdam,  p .  59 1 -600 .  
Th is paper presents a US BM study on the  time­
dependent behavior of coal measure rocks . The 
change in  weight of I l l i nois sha les due to moistu re 
adsorption was examined .  The relationsh ips 
between moistu re adsorption and strength 
degradation under isothermal conditions were 
developed . 
Keyword (s} : roof stabi l ity, pred iction , 
overbu rden , coa l m in ing  
Location (s } :  I l l ino is,  I l l inois Coa l  Basin ,  Un ited 
States 
Tandanand,  S . ,  T. Trip lett . New Approach for 
Determin ing  G round Tilt and Stra in  Due to Sub­
sidence . I N :  Proceedings,  Nationa l  Sympos ium on 
M in i ng ,  Hydrology, Sedimentology, and Reclama­
tion ,  Spr ingfie ld, I L, December 7- 1 1 ,  1 987 ,  Office 
of Eng ineeri ng Services, Col lege of Eng ineering ,  
Un ivers ity of  Kentucky, p .  2 1 7-2 2 2 .  
Tilt, horizontal d isplacement, and ground stra in  
due to min ing- induced su bsidence create severe 
effects on continuous and d iscrete su rface struc­
tu res . At present, field measurement of these 
parameters for su bsidence precautions is  labor ious 
and time consu m ing .  Empirical  imp l ications that the 
horizontal d isplacement at a particu lar  point is 
proportiona l  to the ti lt and that the stra i n  is propor­
tiona l  to the curvature have been used i n  conj unc­
tion with su bsidence predictions in Eu rope . As part 
of developing  a new techn ique to fac i l itate sub­
sidence monitoring ,  the US BM has examined these 
relationsh ips and determined that the proportiona l ity 
factor is related to the depth of the neutra l stratum 
and has a stationary va lue if the ratio of maxi m u m  
horizonta l  d isplacement to fu l l  subsidence i s  
constant .  
Keyword (s) : prediction , active m ines, coal  
min ing,  su bsidence research ,  h orizontal d is­
placement, surface structu ra l damage, structu ra l 
m itigation 
Location (s) : I l l i nois,  I l l i nois Coal Bas.in , Un ited 
States 
Tandanand,  S . ,  L .  R. Powel l . Determin ing  Horizontal 
Displacement and Stra ins  Due to S u bsidence . U . S .  
Bureau of Mines R I  9 3 5 8 ,  1 99 1 ,  9 p .  
Horizontal d isplacements and ground stra ins  
induced by mine subsidence are s ign ificant 
information needed for calcu lating damage and 
developing precautions aga inst su bsidence effects 
on surface structures . To devise a s imple method 
for determin ing the surface horizontal d isplacements 
and stra ins s imu ltaneously with the su bsidence 
pred iction , the USBM examined the s ign ificance of 
the ti lt nu mber, which is the proportiona l ity con­
stant in the relationsh ip between the h orizontal 
d isplacement and the slope of the su bsidence 
profi le .  The ratio of the ti lt number to the critical 
rad ius of the su bsidence trough  is identical to the 
ratio of the maximum possible h orizontal d isplace­
ment to the fu l l  subs idence, wh ich is found  to be 
constant in most European coalfie lds . I f  th is ratio is 
known for a particu lar mines ite in the Un ited 
States, then horizontal d isp lacement and ground  
stra ins can  be  readi ly obta ined from the  primary 
su bsidence data . 
Keyword (s) : horizonta l  displacement, su rface 
structu ra l damage, prediction,  active m ines,  
overbu rden 
Tang,  D. H . , S. S. Peng .  Mine P i l lar  Stabi l ity 
Analysis Using  FEM Methods--Two Case Studies . 
I N :  Proceedings 9th I nternationa l  Conference on 
37 1 
G rou nd Control in M in ing ,  June  4-6, 1 990, S . S .  
Peng ,  ed . ,  West Virg in ia  Univers ity, Morgantown, 
p .  88�9 8 .  
Mass ive p i l lar  fa i l u res were observed a t  two 
u nderground  coal mines .  The resu lts of stabi l ity 
ana lysis us ing  trad itiona l  p i l lar  design formu las d id 
not agree with the. underg round  observations .  F in ite 
element models were used to ana lyze the causes 
and mechan isms of the p i l lar  fa i l u res . The resu lts 
were confirmed by the u nderground observations .  
F ina l ly,  the improved mine p lan for  each case was 
derived to ensure the stabi l ity of the underground 
structu re . 
Keyword (s) : f in ite element, coal m in ing ,  p i l lar  
strength , model ing ,  room-and-pi l lar,  p i l lar  
extraction ,  f loor stab i l ity 
Location (s) : West Virg i n ia ,  Appalach ian Coal 
Region , Un ited States 
Tang ,  D. H .  Y. , S. S .  Peng .  Structural Analysis of 
M ine  Pi l l a rs Using F in ite Element Method--A Case 
Study. S M E-AI M E  Preprint 87-8 1 ,  for presentation 
at the S M E-AI M E  Annua l  Meeting ,  Denver, CO, 
Februa ry 24-27,  1 98 7 .  
Th ree-d imensional  fi n ite element model ing was 
performed to ana lyze the safety factors of stu m p  
p i l lars u sing  t h e  Mod ified Drucker-Prager theory .  
Resu lts showed th ey were safe, which was sub­
stantiated by u n derground observations, but the 
safety factors predicted by th ree commonly used 
p i l l a r  design formu las showed otherwise . Th is paper 
analyzes the d ifferences between these p i l lar  design 
methods . 
Keyword (s) : f in ite e lement, p i l lar  strength , 
computer, coal m in ing ,  model ing ,  mine design 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Tang ,  D. H .  Y. , S .  S .  Pen g .  Structu ra l Ana lysis of 
M ine  Pi l lars Using F in ite Element Method--A Case 
Study. M in ing  Eng ineering ,  September, 1 9 88 ,  p .  
8 93-8 9 7 .  
Th ree-d imensional  f in ite element model ing  (3-D 
F E M )  was performed to ana lyze the safety factors 
of stu mp p i l lars (5 . 5  x 5 . 5  m under a cover of 63 
m) us ing  the Mod ified Drucker-Prager theory .  The 
resu lts showed that they were safe . This was 
su bstantiated by u n derground observations, but the 
safety factors pred icted by th ree commonly u sed 
p i l l a r  design formu las showed otherwise . This paper 
d iscusses the model ing deta i ls  and ana lyzes the 
d ifference between the 3-D FEM method and 
traditiona l  p i l lar  design formu las .  
Keyword (s) : p i l lar  strength , f in ite element, coal  
m in ing ,  rock m'echan ics, room-and-pi l lar, su rface 
structu ra l damage, subsurface water, g rou nd 
control ,  l ab  testing ,  model ing ,  computer, roof 
stab i l ity, floor stabi l ity, mine design 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Region , United States 
Tan ious, N .  S .  M in ing  S u bsidence . M .S .  Thesis,  
University of Minnesota , Min neapol is,  Ju ly, 1 97 5 ,  
1 27 p .  ( NTIS PB 252 455 )  
The  author deta i ls  t he  method of  ana lysis anc;j  
procedu res used for formu lating  a d ig ital computer 
nu merica l method for pred icting  su bsidence over 
flat-lying,  seam-type deposits . Exist ing approaches 
to su bsidence prediction are reviewed . 
Keyword (s ) : vertica l d isplacement, computer, 
prediction , pred iction theories 
Tanious,  N .  S .  I nvestigation of a Large-Scale Coal 
P i l lar  Fa i lure .  SME Preprint 89� 1 52 ,  for p resentat ion 
at SME Annua l  Meeting ,  Las Vegas, NV, February 
27-March 2, 1 989,  5 p .  
Keyword (s) : p i l lar  strength , coal m in i ng ,  
mon itor ing methods, mon itor ing equ ipment, m ine  
design ,  mine safety 
Location (s ) :  Kentucky, Un ited States 
Taylor, R. K .  Site I nvestigations in Coalfie lds :  The 
Problem of Sha l low Mine Workings .  Quarterly 
Journa l  Eng ineering  Geology, v. 1 ,  n o .  2, 1 968 ,  p .  
1 1 5- 1 33 .  
Th is article gives a general d iscussion of voids 
resu lti ng from early min ing  of coa l ,  clay, and 
ironstone .  
Keyword (s) : backfi l l i ng ,  h istorica l ,  coa l  m in i ng ,  
non-metal m in i ng ,  abandoned mines 
Taylor, R .  K. Characteristics of Sha l low Coa l -Mine 
Workings and Their I mpl ications in  Urban 
Redevelopment Areas . I N :  S ite I nvestigations in 
Areas of Min ing  Subsidence, F . G . Bel l ,  ed . ,  
Newnes-Butterworths, 1 975,  p .  1 25- 1 48 .  (Also 
thesis, Un iversity of Minnesota , M inneapol is ,  J u ly 
1 975,  1 27 p . )  
Keyword (s) : land-use plann ing ,  eng ineering ,  
abandoned mines, coa l m in ing  
Taylor, R .  K .  Development of  Resou rces . I N :  
Plann ing  and Eng ineering Geology, Proceedings 
22nd Annua l  Conference of  the Eng ineering  G roup  
of  the  Geological Society, Plymouth Polytech n ic, 
September 8- 1 2, 1 986,  M . G .  Cu lshaw, et a l . ,  eds . ,  
The Geological Society, London,  1 987 ,  p .  3 4 1 -346 . 
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This review compares opencast coa l m in ing ,  
dolomite quarrying,  and an open-pit tungsten 
proposal with the p lann ing  impacts that affect new 
u n dergrou nd  coal mines . M ine  subsidence is 
commonly the major detractor to underground coa l  
m in i ng .  
Keyword (s) : coal  m in i ng ,  land-use plann ing  
Location (s) : Un ited Kingdom 
Tennessee Department of Conservation . Ten nessee 
Coal S u rface M in ing  Law of 1 980.  Title 59 ,  ch . 8 , 
1 980, p .  29 -3 2 .  
Section 5 9-8-3 1 2  deta i ls  the ru les a n d  regu la­
t ions perta in ing to surface effects of underground 
coa l  min ing operations in  Tennessee . 
Keyword (s) : l aw, govern ment, coal m in ing  
Location (s) : Ten nessee, Un ited States 
Terzagh i ,  K. Earth S l i ps and Su bsidence for 
Underground Erosion . Eng ineering  News Record, v. 
1 07 ,  1 93 1 , p .  9 0-9 2 .  
Keyword (s) : subsurface su bsidence damage 
Terzagh i ,  R. D. Bri ne Field Su bsidence at Windsor, 
Ontario . I N :  Proceed ings 3rd Symposium on Sa lt, 
C leveland,  O H ,  1 969 ,  J . L. Rau and L . F .  Del lwig, 
eds . ,  v .  2 ,  p. 298-307 . 
Keyword (s) : non-meta l m in ing  
Location (s) : Canada 
Thakin , D .  N.  Mechan ism of F loor Heaving  in  
Underground Roadways and Measures for  its 
Control . Rock Mechan ics Theory and Practice, 
M in ing  & Metal l u rgy Divis ion , I nstitute of Eng ineers, 
Dhanbad,  I nd ia ,  1 97 2 ,  p. 258-2 7 7 .  
Keyword{s ) : m ine  operation , m i n e  design , floor 
stabi l ity 
Th i l l ,  R. E .  Acoustical Methods for Mon itoring  
Fa i l u re i n  Rock. I N :  Proceed ings 1 4th Symposium 
on Rock Mechan i cs ,  Pen nsylvan ia State Un iversity, 
Ju ne, 1 972 ,  p .  649-688 .  
Keyword (s) : g round control ,  bu mps, mon itoring 
methods 
Location (s) : Un ited States 
Thom, W. T . ,  J r .  S u bsidence and Earth Movements 
Caused by O i l  Extraction ,  or by Dri l l i ng  O i l  and Gas 
Wel ls .  Transactions A I M E, v. 75, 1 927,  p . 734-742 . 
The author states that subsidence due to o i l  
and  gas removal i s  probably l imited to oi l  f ie lds in  
relatively youn g  formations where the o i l  comes 
from loosely cemented sands or from oi l-soaked 
c lays . 
Keyword (s ) :  o i l  extraction,  geolog ic  features 
Location (s) : Texas, Un ited States 
Thomaes, T. L .  M . ,  C. J .  Vos, J .  Boerhave . 
Viaductbouw I n  Een Mij nverzakkingsgebied 
(Construction of a Viaduct in a Coal M in ing  
Subsidence Area ) .  l ngenieu r, The Hague,  v .  8 1 ,  no .  
40M,  October, 1 969,  p .  BT 73-84.  
Keyword (s) : eng ineeri ng ,  construction , surface 
structural damage 
Thomas, J.  L .  An I ntroduction to M in ing-­
Exploration ,  Feasib i l ity, Extraction , Rock Mechan ics . 
Halstead Press, New York, 1 97 8 .  
Keyword(s ) :  rock mechan ics, m i n e  design 
Location (s) : Un ited States 
Thomas, L .  J. The Effects of Adjacent Seams and 
Method of  Working on Roadway Closu re in  the 
Main Bright Seam at H ucknel l  Col l iery. NCB- M R E  
Report N o .  2330, June,  1 968 . 
Keyword (s) : m ine operation,  mu ltip le-seam 
extraction , Nationa l  Coal Board, coal  m in ing  
Location (s) : Eng land 
Thomas,  L .  J .  Effect of Adjacent Seams and 
Methods of Workin g  in the Main Bright Seam at 
Hucknal l  Col l iery .  Col l iery G u ard ian , v .  2 1 8 , no. 4, 
1 970, p.  1 86- 1 95 .  
Keyword (s) : mine operation , mu ltiple-seam 
extraction , Nationa l  Coal Board ,  coal m in ing  
Location (s) : Eng land 
Thompson , T .  W.,  J .  J .  Menezes, K.  E .  G ray.  Roof 
Stabi l ity and Su bsidence in  In S itu Gas ification of 
Coa l .  I N :  Energy Resou rces and Excavation 
Technology, Proceedings 1 8th Sympos ium on Rock 
Mechan ics ,  Keystone, CO, June  22-24, 1 97 7 ,  F-D .  
Wang and G . B .  Clark, eds . ,  Colorado School of 
Mines Press, Golden , p. 2 B  1 - 1 --28 1 -5 .  
I n  s itu gasification may wel l  b e  l im ited by the 
abi l ity to pred ict and control roof behavior and 
su bsidence .  Th is is particu larly true in  Texas where 
l ign ite seams are overla in by weak rock and often 
with overlying producing aqu ifers . 
Keyword (s) : coa l gasification , roof stabi l ity, 
overburden, subsurface water, hydrology, geolog ic 
featu res, coal  m in ing ,  eng ineering 
Location (s) : Texas, Un ited States 
Thorburn ,  S . ,  W .  M .  Reid . I ncipient Fa i l u re and 
Demolition of  Two-Story Dwel l ings Due to  Large 
G round Movements . I N :  Large G round Movements 
and Structures, Proceedings I nternationa l  
3 7 3  
Conference, Un ivers ity of Wales I nstitute of 
Science and Tech nology, Cardiff, 1 977,  J . D .  
G eddes, ed . ,  John Wiley & Sons, New York, 1 978 ,  
p .  87 -9 9 .  
Th is paper d iscusses the investigation and 
mon itorin g  of  a h ous ing development damaged by 
su bsidence of abandoned room-and-pi l lar  workin gs .  
The homes were eventual ly destroyed because they 
became u n safe . 
Keyword {s) : su rface structural damage, 
abandoned mines,  coa l m in ing ,  geolog ic featu res 
Thorneycroft, W .  The Effect on Bu i ld ings of G round 
Movement and  S u bsidence Caused by Lon gwal l  
M i n in g .  Transactions A I M E, v .  94, 1 93 1 ,  p .  5 1 -68 . 
Th is paper deals with advanc ing longwal l  
m in ing  and its effects on a residence .  A s l ight 
u pward wave was ind icated by the su rveys ahead 
of the subsidence,  which appeared to be due to a 
ti lti ng  over of the massive sandstone stratum i n  the 
roof measures near the surface, the edge of the 
coal face acting  as the fu lcrum .  
Keyword (s ) : longwal l ,  surface structu ral 
damage,  mon itoring  methods, survey methods, coa l 
m in i ng ,  ang le of draw 
Location (s) : Scotland,  Un ited Kingdom 
Th u rman ,  A. G . ,  V. Straskraba, R. D .  El l ison . 
Development of a G round Water Hazard Map for an 
Undergrou nd  Coal Mine.  I N :  Proceedings, 
Symposiu m  on Water in  Min ing and Underground  
Works, S IAMOS--78 ,  G ranada,  Spa i n ,  1 978 ,  p .  
2 73-29 1 .  
G roundwater condit ions affecting u nderground 
coal  m ine  p la n n ing ,  development, and operations at  
an  u ndeveloped property were investigated . Th ree 
minab le  seams  and adjacent sandstone members,  
separated by sha ly confin ing  beds, act as aqu ifers . 
As a resu lt of formation d ip ,  head varies from zero 
to more than 300 meters . Fau lti ng probably con­
n ects the aqu ifers in  loca l ized areas . Field and 
laboratory data were used to establ ish a grou nd­
water h azard map ran king the property by five 
levels of hydrogeolog ic  complexity . It  was poss ible, 
us ing  the map with the m in ing  plan ,  establ ished 
with appropriate consideration of min ing  efficiency, 
safety, and coal recovery, to estimate the water 
inflow during  development of entries, i n it ial  longwal l  
m in i ng  and susta ined longwal l  m in ing for the entire 
period of operation . 
Keyword (s) : subsurface water, coal m in ing ,  
hydrology, geologic featu res, mine design ,  longwal l ,  
geophysica l ,  mon itoring  methods, lab testing ,  
geotech n ica l  
Location (s) : Wyoming,  Rocky Mounta in  Coal 
Reg ion, United States 
Tieman ,  G .  E. Study of Dewatering  Effects at Two 
Underground Longwa l l  M ine S ites in the Pittsburgh 
Coal  Seam of the Northern Appalach ian Coal F ie ld . 
M . S .  Thesis, Department of Geology and  G eogra­
phy, West Virg in ia  Un iversity, Morgantown , 1 986,  
1 47 p .  
Keyword (s ) :  surface water, subsurface water, 
coal m in ing ,  longwal l ,  active mines,  hydrology 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Tieman ,  G .  E . ,  H .  W .  Rauch . Study of Dewateri ng  
Effects a t  an Underground Longwal l  M ine  S ite in  
the Pittsburgh Seam of  the Northern Appalach ian 
Coalfiel d .  Eastern Coal Mine G eomechan ics, U . S .  
Bureau of M ines IC 9 1 37 ,  1 986,  p .  7 2-8 9 . 
Dewatering effects from longwal l  m in ing  were 
stud ied for a mine site in southwestern Pen nsyl­
van ia .  The mine showed evidence of dewatered 
streams and groundwater supp l ies .  Water sources 
located much above base level (major stream leve l )  
and over or adjacent to recently m ined longwal l  
panels were partly to completely dewatered , 
probably because of downward leakage a long 
su bsidence fractures . These lost waters d id not 
migrate to the deep mine because of its th ick 
overburden (at  least 500 feet),  but i nstead flowed 
l ateral ly over confin ing  strata to d ischarge at nearby 
streams . Many affected water suppl ies recovered 
partial ly, and al l streams recovered fu l ly with in  1 to 
3 years fo l lowing longwa l l  m in i ng .  S prin g  and wel l  
recovery occurred most frequently n ear local stream 
level where newly formed springs were a lso 
common . 
Keyword (s) : hydrology, subsurface water, 
longwal l ,  coal m in ing ,  overbu rden 
Location (s ) :  Pennsylvan ia ,  West Virg in ia ,  
Appa lach ian Coa l Reg ion,  Un ited States 
Tieman ,  G .  E . ,  H .  W. Rauch , L. S .  Carver.  Study of 
Dewatering Effects at a Longwal l  M ine  in Northern 
West Virg in ia .  I N :  Proceedings Th i rd Workshop on 
Surface Subsidence Due to Underground  M in ing ,  
June  1 -4, 1 992 ,  S .S .  Peng ,  ed . ,  Morgantown , WV, 
p. 2 1 4-22 1 . 
Hydrologic impacts of longwa l l  m in ing  were 
studied in 1 986 after min ing  had occu rred at a m ine  
in  northern West Virg in ia . F ive springs  and one dug 
wel l  were reportedly dewatered by m in in g .  A l l  such  
suppl ies are above nearby streams in  e levation , and 
at  least 800 feet above the su bsided m ine .  Th ree of  
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these six su ppl ies showed partia l  recovery with in  
1 year .  O n ly suppl ies with in  50 feet in e levation of 
a nearby stream showed apparent partia l  recovery . 
Measu red peren n ia l  streams showed notable deple­
tion in  streamflow over m ined longwal l  panels that 
were less than 2 years old . Normal  stream d is­
charge was measured over panels more than 2 
years old . Most apparent hydrologic dewatering 
impacts appear to be temporary, and the most 
vu lnerable a reas for these impacts are h i l l  sides . 
Keyword(s) : hydrology, subsurface water, 
longwal l ,  coal m in ing ,  active m ines, surface water, 
mon itorin g  methods 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Region ,  Un ited States 
Ti lton ,  J .  G .  The Effect of Subsidence on Pipel ines.  
Presented at S M E-AI M E  An nua l  Meeting,  New York, 
NY, February 27-March 3, 1 966,  S M E-AI M E  
preprint 66FM4 1 ,  3 4  p .  
Th is paper deta i ls the damaging  effects of 
subsidence on p ipe l ines and suggests remedia l  
m easures to m in i mize th is  damage . The author 
states that su bsidence ra rely causes fa i l u re of 
p ipel i nes with welded jo ints but may disrupt other 
types of connections .  Major disruptions occur  near 
the edge of the extraction area except where 
subsidence induces s ign ificant latera l movement 
outs ide of the extraction area . The text is sup­
p lemented with both plans for  subsidence-resistant 
p ipel i ne  designs  and photographs deta i l i ng  the types 
of damage that may be encountered in a sub­
s idence prone area . 
Keyword (s ) :  p ipe l ines ,  uti l it ies, angle of draw 
Location (s } : Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
Tince l in , E . ,  P. S inou . Observation Made in  the Lor­
ra ine  I ron  Ore M ines .  I N :  Proceedings European 
Congress on G round  Movement, Leeds, Eng land,  
Apr i l  9 - 1 2 , 1 95 7,  London Harrison ,  p .  1 28- 1 40.  
Keyword (s ) :  metal m in ing 
Location (s) : Europe 
Tincel i n ,  E . ,  P. S inou . Summary of the Resu lts 
O bta ined from E ight Years Research in Strata 
Contro l . I N :  Proceedings,  I nternational  Strata 
Control Congress, Leipz ig ,  October 1 4- 1 6, 1 958 ,  
p .  282-304 and CXXVl l -CXXXVI . 
This paper summarized resu lts obta ined 
i n  strata control research conducted in the Lor­
ra ine  i ron ore m ines .  Direct observations and 
measu rements were used, consisting of the 
fo l lowing :  ( 1 )  determ in ing  the rate of rock 
deformations either at the face or in the interior of 
the boreholes, (2 )  determin ing  the load total ly 
acting upon a work ing front by measurin g  the 
velocity of sound for long d istances, (3 )  determin­
ing the d istribution of load in  the interior of a rock 
massif, (4) laboratory test ing of mechan ical 
properties of the rocks, (5) measurin g  su rface 
su bsidences, and (6) measuring the forces and 
stresses subjected to  the roof bolts . 
Keyword (s) :  g round control ,  meta l m in ing ,  
room-and-pi l lar, rock mechan ics, roof bolti ng ,  lab 
testing,  in  situ test ing 
Location (s ) :  France 
Tincel i n ,  R . ,  P .  S inou . Spontaneous Col lapse in  the 
Lorra ine  I ron Mines. I N :  4th I nternationa l  Con­
ference on Strata Control and Rock Mechan ics, 
Par is, 1 964, p .  56-60. 
The subject mine used room-and-p i l lar  methods, 
fol lowed by pi l lar extraction , and where requ i red, 
provided surface protection by leav ing p i l lars .  The 
resu lting  extraction rate was 50% to 65% .  Many 
spontaneous mu ltiple p i l lar  fa i l u res resu lted in  
surface damage and fata l ities underg roun d .  The 
fa i l u res occu rred on ly at depths of approximately 
1 40 meters and appeared to be related to frequent 
rock bu rsts with in the area . 
Keyword (s) : p i l lar  extraction , room-and-pi l lar, 
metal m in ing ,  p i l lar  strength , surface subsidence 
damage, mine safety, rock mechan ics, ground  
control 
Location (s) : Eu rope 
Toenges, A. L. Longwal l  M in ing  Methods in Some 
Mines of the Middle Western States . U . S .  Bu reau  of 
Mines IC  6893, 1 936,  62 p .  
Th is c ircu lar  deals pr imari ly with the methods of 
longwal l  m in ing used in  some mines in  certa in d is­
tricts of middle western states . I n  some instances 
u nderground methods were considered compre­
hensively, and in  others on ly the actua l  methods of 
m in ing  and face advance were noted . 
Keyword (s) : longwal l ,  coal m in ing ,  h istorica l ,  
m ine operation 
Location (s) : I l l ino is, I l l i nois Coal Bas in ,  Un ited 
States 
Toepfer, P. H .  F i l l i ng with Unclassified Tai l i ngs in  
Modified Cut and F i l l  Stopes . U .S . Bureau of  Mines 
IC  7649, 1 952,  1 4  p .  
Th is report describes the su bstitution of 
hydrau l ical ly emplaced unclassified ta i l ings for 
previous dry fi l l i ng techn iques for more efficient 
stope f i l l in g .  
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Keyword (s ) : hydrau l ic  backfi l l i ng  
Location (s) : Un ited States 
Tousel l ,  J . ,  C. R ich , Jr .  Documentation and an 
Ana lysis of  a Massive Rock Fa i l u re at the Bautsch 
Mine, Ga lena,  I l l .  U . S .  Bureau of Mines R I  8453, 
1 980, 49 p .  
A lead-z inc m ine  in  Paleozoic dolomites 
experienced a massive rock fa i l u re involv ing 3 to 5 
mi l l ion  tons .  Ana lysis of the rock mechan ics and 
mode of  fa i l u re revealed that fa i l u re at  the Bautsch 
m ine  was the resu lt of the interrelationsh ip  of many 
factors, both interna l  and external  to the m in ing  
environ ment . 
Keyword (s ) : metal m in ing ,  rock mechan ics, 
geologic features 
Location (s) : I l l i no is, Un ited States 
Townsend, J .  M . ,  W. C .  Jen n ings,  C. Haycocks, G .  
M .  Nea l l ,  L .  P .  Johnson . A Relationsh ip  Between 
the Ultimate Compressive Strength of Cubes and 
Cyl inders for  Coa l  S pecimens .  IN :  Energy Resou rces 
and Excavation Tech nology, Proceeding� 1 8th U . S .  
Symposiu m  on Rock Mechan ics, Keystone,  CO, 
June 22-24; 1 977,  F-D .  Wang and G . B .  C lark, eds . ,  
Colorado School  o f  M ines Press, Golden , p .  4A6- 1 -
-4A6-6 .  
Most equations be ing used in the  Un ited States 
for determ in ing  the strength of coal p i l lars requ ire 
the testin g  of cu bical specimens .  In a virg in  coa l 
f ield or the interior of a large min ing property, the 
specimens usua l ly ava i lable for strength deter­
m ination prior to m in ing  are obta ined from ex­
ploration boreholes . The d iameter of the core 
recovered from dia.mond boreholes is general ly 
insufficient to prepare cu bical  specimens and,  
therefore, cyl indrical specimens are tested . The 
research presented in  th is paper  determines the 
va l id ity of  the assumption that specimens of  equa l  
load ing area have the same u ltimate compressive 
strength when relating  the strengths of cu bical  and  
cyl i ndr ical  specimens .  
Keyword (s ) :  rock mechan ics, p i l l a r  strength, lab 
testing ,  coal m in ing  
Location (s) : Un ited States 
Transportation Research Board, Wash ington D .C .  
S u bsidence Over M ines and  Caverns, Moistu re and  
Frost Actions,  and Classification . Transportation 
Research Record 6 1 2 , Report Nos . TRB/TRR-6 1 2  
and  ISBN-0-309-02588-5,  1 976, 90 p .  ( NTIS 
PB-272 844) 
This report conta ins  1 2  papers on the fol lowing 
subjects : mechan isms of subsidence due to 
underground open ings; i nduced and natural 
s in kholes in Alabama; su bsidence control for 
structures above abandoned coal mines; and 
ground subsidence associated with dewaterin g  
of a depressed h ighway section . 
Keyword (s) : roads, soi ls, subsurface water, 
hydrology, soil mechan ics, coal m in i ng ,  abandoned 
mines, su rface structu ral damage, geolog ic 
features, mon itor ing methods, model i ng ,  
mathematical model 
Location (s) : Alabama,  Missou r i ,  Hawai i ,  Un ited 
States 
Traughber, E .  B . ,  J. 0 .  Snowden,  W. B. S immons .  
Differentia l  Subsidence on Recla imed Marsh land  
Peat in Metropol itan New Orleans, Lou is iana .  I N :  
Eva luation a n d  Prediction of Subsidence, Pro­
ceedings I nternationa l  Conference, Pensacola 
Beach,  FL, January 1 5-20, 1 978 ,  S . K. Saxena,  ed . ,  
ASCE, New York, 1 979 ,  p .  479-49 9 .  
Th is paper i s  a discussion of the h i story, or ig i n ,  
a n d  uti l i zation of t h e  marsh land in  t h e  New O rleans  
area, and  the  d ifficu lties and hazards that resu lted 
from its development. 
Keyword (s) : land-use p lann ing ,  prediction , fl u id 
extraction ,  foundations 
Location (s) : Lou is iana,  Un ited States 
Trent, B. C. A Computerized S u bsidence Model . 
Presented at S M E  Ann u al Meeting ,  New Orleans,  
LA, February 1 8-22,  1 979 ,  S M E-AI M E  prepr int 
79-86, 1 1  p.  
This paper deta i ls a two-d imensiona l  computer 
code that couples near- and far-f ield response to 
model subsidence caused by underground open ings .  
Keyword (s) : vertical d isplacement, horizonta l 
d isplacement, computer, model i ng  
Location (s) : Un ited States 
Trent, B. C. Empirical Conti nuum and Block Caving  
Computer Models for Surface S u bsidence . I N :  . Pro­
ceed ings Workshop on Surface Su bsidence due to 
Underground Min ing ,  Morgantown , WV, November 
30-December 2 ,  1 98 1 ,  S .S .  Peng  and  M. Harth i l l ,  
eds . ,  Department of  M in ing  Eng ineering ,  West 
Virg in ia  Un iversity, 1 982 ,  p .  1 42- 1 46 . 
The economics of today ' s  m in ing  i ndustry 
proh ibit the costly tria l-and-error approach that may 
have been practical  at one t ime . What is  clearly 
needed is an inexpensive, site-specific,  general  
computation al model that wi l l  a l low an eng ineer to 
mod ify certa in design parameters in a way that 
min imizes the hazard of surface subsidence . 
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Keyword (s) : computer, empirical model,  
model i ng ,  coal m in ing  
Location (s) : Un ited States 
Trent, B .  C . ,  R .  T .  Lan gla n d .  Subsidence Model l i ng 
for Underg round  Coal Gasification . I n  S itu , 1 983,  v . 
7 ,  n o .  1 ,  p .  53-85 .  
Keyword (s) : model i ng ,  coal gasification 
Trevits, M . A . ,  R .  L .  King ,  B. V. Johnson . Overview 
of the US BM S u bsidence Research Progra m .  I N :  
Proceed ings 88th Annua l  Genera l  Meeting  Canadian 
I nstitute of M in i ng  & Metal l u rgy, Montrea l ,  Canada ,  
May 1 1 - 1 5 , 1 986,  Paper 86 ,  1 4  p .  
Keyword (s) : subsidence research 
Location (s } :  Un ited States 
Trevits, M . A . ,  R .  L. King ,  B. V. Johnson . The 
Bureau of M ines S u bsidence Research Program . 
I N :  Eastern Coal M ine  Geomechan ics, Proceedings, 
Bureau of M ines Technology Transfer Seminar, 
November 1 9 , 1 986,  U . S .  Bureau of Mines IC  
9 1 3 7 ,  p .  5 7-64. 
The US BM,  th rough its Su bsidence Research 
Program,  is  focus ing on provid ing the mine operator 
with the ab i l ity to predict su rface movements and 
effects on groundwater as a function of m in ing  
method and geolog ic  context . The  program is  
designed for  coa l  basins where h igh  min ing  activity 
may impact land use requ i rements . I n  the long 
term, a l l  coal bas ins  and min ing  methods wi l l  be 
addressed . Data sets from several subsidence 
monitoring  s ites have been or are being col lected . 
Data sets are now avai lable from the Eastern , 
I nterior, and Rocky Mou ntain Coa l Provinces for 
fu l l -extraction m in ing  methods . At select sites, 
sha l low-aqu ifer mon itori ng  wel ls have also been 
insta l led to observe the effects of subsidence on 
the groundwater system .  To date , an empirica l 
model for su bsidence prediction has been generated 
for the Northern Appalach ian Coal Region . 
Keyword (s) : subsidence research , prediction , 
active mines, land-use plann ing ,  mon itor ing 
methods, survey methods, hydrology, subsurface 
water, coa l m in ing ,  model i ng ,  su rvey equ ipment, 
longwal l ,  h igh -extraction retreat 
Location (s) : Appalach ian Coal Region , I l l ino is 
Coal Bas in ,  Rocky Mou nta in  Coal  Reg ion,  Un ited 
States 
Trevits, M .  A . ,  J .  S .  Walker.  An Accurate, User­
Friend ly S u bsidence Prediction Model for Personal  
Computers . I N :  Proceed ings Nationa l  Symposium on 
M in i ng ,  Hydrology, Sedimentology, and 
Reclamation , December 7- 1 1 ,  1 987 ,  S prin gfie ld, I L, 
Un iversity of Kentucky, p .  229-233 . 
The USBM is conducting a comprehensive 
program of research to identify the mechan isms of 
m in ing- induced ground movement.  One  goal  of th is  
effort is to provide the min ing i ndustry with a tool 
to quantify surface movement in advance of m ine  
development, as  mine operators a re requ i red to 
predict the magn itude, extent, and du ration of 
s u rface deformations as part of the m ine  permittin g  
process . European prediction models genera l ly yield 
unacceptable resu lts becau se they h ave been 
developed for the condit ions in  Europe . A model h as 
been developed that is tai lored to geologic and 
min ing  conditions in  teh Un ited States .  The basis of  
the  model is the  novel app l ication of a variable 
su bsidence coeffic ient.  
Keyword (s) :  model i ng ,  computer, coal m in ing ,  
prediction , surface structu ral damage, agricu lture,  
land-use plan n ing ,  vertical d isp lacement, horiz onta l  
d isp lacement, overbu rden 
Location (s) : Appalach ian Coa l Reg ion,  Un ited 
States 
Trevorrow, G .  C .  Occurrence and Effects of 
S u bsidence in an Operating  Mine in the Sewickley 
Coal Bed of Green Cou nty, PA. Thesis, The 
Pen nsylvan ia State Un ivers ity, 1 93 6 .  
Keyword (s) : coal m i n i n g ,  active m ines,  su rface 
su bsidence damage 
Location (s ) :  Pen nsylvan ia ,  Un ited States, 
Appalach ian Coal Region 
Treworgy, C. G . ,  C. A.  H indman,  L .  Pan ,  J. W .  
Baxter .  Eva luation of the Potentia l  for Damage from 
Subsidence of Underground Mines in I l l i no is .  F ina l  
Report to  I l l i nois Mine Subsidence I nsurance Fund,  
Contract 1 -5-3789 1 ,  September 1 989 ,  I l l i nois State 
Geological Survey, Champa ig n .  
Th is study provides statistics on the proximity 
of undergrou nd-mined areas to u rban development.  
These statistics provide the most deta i led view to 
date of the exposu re of structures to the r isk of 
mine subsidence . Prior to th is  study, maps of non­
coal  underground mines h ad never been compi led 
into a s ing le map database, and the proximity of 
underground-mined areas (both coal and non-coa l )  
to  u rban development had never been examined . 
The project was d ivided into two tasks : ( 1 )  to com­
pi le a map database of non-coal underground mines,  
and (2 )  to  provide data on the proximity of  both 
coal and non-coal underground mines to u rban 
development. 
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Keyword (s) : coal m in ing ,  meta l m in ing ,  non­
meta l min ing,  land-use p lann ing ,  abandoned mines, 
i nsurance,  su rface structu ral damage, law, 
computer 
Location (s ) :  I l l i nois,  I l l ino is Coal  Bas in ,  Un ited 
States 
Treworgy, C. G . ,  C. A. Hindman . The Proximity of 
Underground M ines to Residential  and Other Bu i lt­
Up Areas in I l l i no is .  I l l inois State Geological  S u rvey, 
Envi ron mental  G eology 1 3 8 ,  1 99 1 ,  1 8  p .  
The  greatest potential  for m ine  subsidence 
damage to structu res occu rs where active or aban­
doned m ines l i e  u n der or adjacent to cities, towns, 
and ru ra l  su bdivisions .  I n  th is study we calcu lated 
the acreage of fou r  categories of u ndermined land 
i n  I l l i noi s :  ( 1 )  residentia l ,  (2 )  other u rban ,  (3 )  u rban 
buffer, and (4) non-urban . We a lso estimated the 
n u m ber  of h ous ing  u n its close to underground 
m ines .  Because the oldest m in ing  operations in the 
state were genera l ly located in and around popu­
lated a reas, u rban areas often have d isproportion­
ately h igher  percentages of undermined land than 
do adjacent ru ra l  areas . 
Keyword (s) : surface structu ra l  damage, 
a bandoned mines,  land-use plan n ing ,  land va l ues, 
coal m in i ng ,  meta l m in ing ,  non-metal m in ing ,  
i nsu rance 
Location (s) : I l l i nois,  I l l i nois Coal Basin , Un ited 
States 
Trip lett, T . ,  G .  Lin ,  W. Kane,  R. M .  Bennett . The 
Effects of Undermin ing  on Various Types of Linear 
Foundations .  I N :  COMA :  Proceedings of Symposium 
on Construction Over M ined Areas, Pretoria, May, 
1 992 ,  S outh African I nstitution of Civi l Eng ineers ,  
Repu bl ic  of  South Africa , p .  99- 1 06 . 
Th is work shows that the inc lusion of a 
reasonable intens ity fu nction into the influence 
function techn ique  can produce an accurate 
prediction for m in ing  condit ions in southern I l l inois,  
and that the characteristics of the ground defor­
mation pred icted by the method can be related to 
structu ral damage.  F ie ld data from case stud ies in  
southern I l l i nois were used to determ ine the two 
functions employed in the prediction tech n ique .  
Keyword (s ) :  inf luence fu nction , prediction,  
active m ines, coa l min ing,  foundations, surface 
structural  damage, active mines, longwal l ,  
horizonta l d isplacement, structura l  m itigation 
Location (s ) :  I l l i no is, I l l i no is Coa l Bas in ,  Un ited 
States 
Triplett, T . ,  G .  Lin ,  W .  Kane, R .  M .  Benn ett . Pre­
diction of Coal Mine Su bsidence and Imp l ications 
for Structu ra l  Damage . I N :  Proceedings Th i rd 
Workshop on Su rface Subsidence Due to Under­
ground Min ing ,  June  1 -4, 1 992 ,  S .S .  Peng ,  ed . ,  
Morgantown, WV, p .  7 6-82 . 
Twelve l inear foundations were constructed 
above a longwal l  mine to assess the va lue  of 
various subsidence mitigation tech n iques .  The 
structures were mon itored duri ng  and after u nder­
min ing  and footing curvatu res at the t ime of crack­
ing were compared with predicted values .  An 
unreinforced concrete footing susta ined su bstant ia l  
damage.  Other foot ings received vary ing  degrees of 
damage, with inclusion of a sand layer s ign ificantly 
affecting  performance . A post-tensioned concrete 
foundation suffered min ima l  crack in g .  A tech n ique  
developed by the  USBM is a lso presented for 
determin ing the subsidence, slope, curvature, and 
stra in  of  the  ground surface . 
Keyword (s) : foundations, longwal l ,  structu ral 
m itigation , active mines, mon itori ng  methods, 
surface structu ra l  damage, vertica l  d isp lacement, 
horizontal d isplacement, inf luence fu nction , 
prediction , coa l  m in ing ,  mathematica l  model 
Location (s) : I l l inois,  I l l inois Coal Bas in ,  Un ited 
States 
Trip lett, T. L . ,  A. Drescher . Analysis of P i l lar  
Punch ing I nto Soft Claystone in  Southern I l l i nois . 
I N :  Key Questions in Rock Mechan ics, Proceedin gs 
of the 29th U . S .  Sympos ium,  M inneapol is ,  M N ,  
J u n e  1 3- 1 5 , 1 988,  P .A.  Cunda l l ,  R . L. Sterl i ng ,  and  
A .M.  Starfie ld,  eds . ,  Balkema,  Rotterdam,  p .  59-65 . 
Su bsidence can be caused by mine level fa i l u res 
that occur in the roof, p i l lars, or floor and that a l low 
displacements to propagate to the surface . How­
ever, in I l l i nois,  plastic fa i l u re of weak claystone  
floor dominates the  fa i l u re process .  The  objective of 
th is US BM research is to define the fa i l u re mechan­
isms and resu ltant upper bounds to the l im it loads 
g iven by the l imit ana lysis method for both square 
and rectangu lar p i l lars punch ing  into p lastica l ly 
beh aving  floor of both fin ite and inf in ite th ickness .  
Th is  paper describes the assumptions, tech n iques 
and prel im inary resu lts of a laboratory program 
designed to define the th ree-d imension a l  fa i l u re 
mech an isms in an inf in itely th ick, friction less, 
perfectly plastic materia l  beneath a square pu nch . 
Keyword (s) :  floor stab i l ity, p i l lar  strength , lab 
testing ,  model ing ,  coa l  m in ing  
Location (s ) :  I l l i nois, I l l inois Coa l  Basin ,  Un ited 
States 
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Trip lett, T .  L., D. W. Yu rchak .  I n clusion of an 
I ntensity Function for S u bsidence Prediction in 
I l l i noi s .  I N :  Proceedings,  3 rd Conference on G round  
Control Problems in  the  I l l ino is Coa l  Bas in ,  Mt .  
Vernon ,  I L, August 8- 1 0, 1 990,Y. P .  Chugh ,  ed . ,  
South ern I l l ino is Un iversity, Carbondale,  p .  
2 7 6-284.  
This paper presents USBM research on 
modifyin g  the inf luence function method to predict 
m in i ng  subsidence i n  I l l i nois . Accord ing  to theory, 
this techn ique  must incorporate an intens ity fu nc­
tion to represent the relative s ign ificance of extrac­
tions at mine level . Th is paper shows that the inc lu­
s ion of a reasonable i ntensity fun ction increases 
the accu racy of the techn ique,  then introduces a 
method for find ing  the requ i red fu nctions for a case 
study in I l l i nois . The slopes and  curvatu res of the 
subsidence trough  a re also shown to be g iven by 
derivatives of the inf luence fu nction . 
Keyword (s) : p red iction , inf luence fu nction ,  coal 
m in i ng ,  active m ines, empirical model, longwal l ,  
model ing  
Location (s) : I l l inois,  I l l ino is Coa l  Basin ,  Un ited 
States 
Trip lett, T. L . ,  D. W. Yu rchak .  Determination of an 
I ntensity Function for Subsidence Prediction . I N :  
Rock Mechan ics Contributions and Cha l lenges, 
Proceedings of the 3 1 st U . S .  Rock Mechan ics 
Symposiu m, Golden,  CO, June  1 8-20, 1 990, W .A.  
Hustru l id and  G .A .  Johnson,  eds . ,  Ba lkema, 
Rotterdam,  p. 1 69- 1 7 5 .  
T h e  objective o f  th is research ,  conducted by 
the USBM, is to review and modify the infl uence 
function method to predict m in ing  subsidence in 
I l l i no is .  I f  su bsidence on the surface is considered 
the effect, and an extraction at mine level is con­
s idered a cau se of certa in intensity, this work has  
determined that  the tech n ique  must incorporate an 
intens ity f ie ld  to represent the magn itudes of  these 
causes .  This paper shows that the inc lusion of a 
reasonable intens ity field increases the accuracy of 
the techn ique .  
Keyword (s) : prediction ,  coal m in i ng ,  model ing ,  
i nfluence fu nction 
Location (s) :  I l l inois, I l l i nois Coal Basin ,  Un ited 
States 
Triplett, T. L., D. W. Yu rchak .  Predict ing the Effects 
of Subsidence from H igh Extraction Min ing  in  
I l l ino is .  I N :  M ine  Subsidence - Prediction and 
Control ,  Nationa l  Sympos ium,  33rd An nua l  Meeting 
Association of Eng ineering  Geolog ists , October 2-3, 
1 990, C . D .  E l ifrits, ed . ,  P ittsburg h ,  PA, p .  7 1 -7 5 .  
This paper presents research on modify ing 
the inf luence fu nction method to predict m in ing  
su bsidence and the  resu ltant stra in in  I l l inois . 
Keyword (s ) :  pred iction,  influence fu nction ,  coal 
m in ing ,  horizontal d isplacement, active m ines,  
model ing ,  vertica l  d isplacement, surface structu ra l  
damage 
Location (s ) :  I l l i nois, I l l i nois Coal Basin , Un ited 
States 
Trip lett, T. L . ,  D. W. Yu rchak .  The Practica l  
Appl ication of Subsidence Pred iction in  the I l l i nois 
Coa l Basin . I N :  Proceedings 4th Conference on 
Ground Control for  Midwestern U . S .  Coa l  M ines,  
Mt. Vernon,  I L, November 2-4, 1 992 ,  Y. P .  Chugh 
and G .  Beasley, eds . ,  Southern I l l ino is Un iversity, 
Carbondale,  p. 3 15-3 2 7 .  
T h i s  paper presents research on mod ifying  the 
inf luence fu nction method to predict subsidence of 
the ground surface . The appl ication of the tech­
n ique is then demonstrated for  the pred iction of 
pre-su bsidence and post-su bsidence shorel i ne  
contou rs around Rend Lake, I l l ino is, the  pred iction 
of induced s lopes as it relates to crop or power l i ne  
damage, and the  prediction of  curvatu re for  the  
estimation of  structu ral damage.  
Keyword (s) : pred iction,  influence function ,  coal  
min ing,  vertical d isplacement, horizontal 
d isplacement, longwal l , surface structu ral damage 
Location (s ) :  I l l i nois, I l l ino is Coa l Basin , Un ited 
States 
Trip lett, T. L . ,  D. W .  Yu rchak .  I l l ustrations of the 
Value  of Subsidence Prediction in the I l l ino is Coal 
Basin .  I N :  Proceedings,  I l l i nois M in ing  I nstitute, 
Centenn ia l  Year, 1 992 ,  p. 26-3 8 .  
This paper presents research o n  modify ing the 
influence fu nction method to predict subsidence of 
the ground surface . The requ i red fu nctions h ave 
been determ ined for two case stud ies above long­
wal l  coa l  panels in  I l l ino is .  However, the goal  of 
su bsidence eng ineering is not to predict subsidence, 
but to predict and mit igate subsidence damage.  
Therefore, the tech n ique has been enhanced to 
calcu late s lope and curvatu re, and a method has 
been developed to predict stra in  us ing these 
cu rvatu res and a s imply measured site constant .  
The appl ication of the tech n ique is then demon­
strated for the prediction of pre-su bsidence and 
post-su bsidence shore l ine contours around Rend 
Lake, I l l ino is,  the pred iction of induced s lopes as it  
relates to crop or power l ine damage, and the 
prediction of curvature for the estimation of 
potentia l  structu ra l  damage.  
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Keyword (s) : pred iction ,  i nfl uence function ,  coa l 
m in i ng ,  longwa l l ,  horizonta l d isplacement, vertical 
d isp lacement 
Location (s ) : I l l i nois,  I l l i nois Coal Bas in ,  Un ited 
States 
Trisch ka ,  C. Su bsidence Fol lowing Extraction of Ore 
from Limestone Replacement Deposits, Warren 
M in ing  District, Bisbee, Arizon a .  Transactions, 
A I M E, v.  1 09 ,  1 934, p .  1 73- 1 80.  
Keyword (s ) :  non-meta l m in ing 
Location (s ) : Arizona ,  Un ited States 
Trojanowski ,  K. Ana l ityczne Sposoby Wyznaczan ia  
Wektorow Przesun iec Poz iomych Punktow Terenow 
Gorn iczych Przy Wykorzystan iu  Metod Malej 
Trian g u lacj i  (Vectors of Points on Undermined 
S u rface by Appl ication of "Smal l  Triangu lation 11 
Tech n ique ) .  Przeglad G orn iczy, v .  'fc27 ,  no .  2 ,  1 97 1 ,  p .  65-70.  . . 
Keyword (s) : model ing 
Trojanowski ,  K .  Appl ication of the Segment 
Network of Even Effects for. Calcu lation of 
S u bsidence Accord ing  to K.  Kochmanski Theory .  
1 974, 3 9  p .  ( NTIS TT74-540 1 5 ) 
Th is paper deta i ls  the appl ication of the K .  
Koch manski theory of  a network nomogram to  the 
ca lcu lat ion of su bsidence over a horizonta l ly 
extend ing coa l sea m .  The text is translated from 
Pol ish to Eng l ish . 
Keyword (s) : vert ical d isplacement, horizontal 
d isp lacement, prediction theories, prediction ,  
mode l ing ,  empir ical  model ,  influence fu nction ,  coal 
m in i ng  
Tsang ,  P . ,  S .  S .  Peng ,  S .  M .  Hsiung . Yield Pi l lar 
Appl ication Under Strong Roof and Strong Floor 
Cond ition --A Case Study. I N :  Rock Mech an ics as a 
G u ide for Efficient Uti l i zation of Natural Resou rces, 
Proceed ings 30th U . S .  Symposium,  1 989,  A .W.  
Kha ir, ed . ,  Ba lkema,  Rotterdam, p .  4 1 1 -4 1 8 .  
The mechan isms and fu nctions of yield p i l lars 
are ana lyzed by employing  a fin ite element method 
that takes t ime dependent and plastic fai l u re of rock 
into consideration .  The design criteria for d ifferent 
geological  conditions are discussed . The resu lts 
provide fu rther evidence that yield p i l lar  design wil l  
improve floor or roof con ditions, especia l ly when 
the floor and/or roof strata are weaker than the 
coal .  Based on th is study, the yield p i l lar  s ize is  
determined for one coal  mine located in southern 
West Virg in ia . 
Keyword (s) : yield ing supports, fi n ite e lement, 
t ime factor, geologic featu res, coa l m in ing ,  roof 
stabi l ity, floor stabi l ity, mine desig n ,  p i l l a r  strength , 
ground control 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Tsu r-Lavie, Y. , S .  Denekamp .  A Bou n dary E lement 
Method for the Analysis of Subsidence Associated 
with Longwal l  M in ing . I N :  G round Movements and 
Structu res, Proceedings 2nd I nternationa l  Con­
ference, Un iversity of Wales I nstitute of Science 
and Technology, Card iff, 1 980, J . D .  G eddes, ed . ,  
Joh n Wi ley & Sons, New York, 1 98 1 ,  p .  65-74.  
A boundary e lement method for the eva l uation 
of ground su bsidence associated with longwa l l  coal  
min ing is presented . The method is based on a 
fu ndamenta l  solution of stresses and deformation 
around a single rectangu lar  indentation at the 
bou ndary of an infin ite elastic ha lf plane .  
Keyword (s) : bou ndary element, mathematical 
model , model ing,  longwal l ,  coal m in ing ,  vert ical  
d isp lacement 
Tsu r-Lavie, Y. , S. A. Denekamp,  G .  Fa instein . 
Geometry of S u bsidence Associated with Lon gwa l l  
M in ing . IN :  Ground Movements and Structures, 
Proceed ings 3rd I nternationa l  Conference,  
Un ivers ity of Wa les Institute of Science and 
Technology, Card iff, 1 984, J . D .  Geddes, ed . ,  
Pentech ,  London , 1 985 ,  p .  324-337 . 
A comparison between a theoretical bou ndary 
element model and Nationa l  Coal Board data is 
presented . This paper discusses th ree aspects of 
the model,  inc lud ing maximum su bsidence, su rface 
configu ration , and appl icabi l ity of two-d imens iona l  
models to th ree-d imensional  cases . 
Keyword (s) : bou ndary element, model i ng ,  
Nationa l  Coa l  Board , longwal l ,  coa l  m in ing  
Tsu r-Lavie, Y . ,  S .  A .  Denekamp,  G .  Fa inste in . 
Surface Subsidence Associated with Longwal l  
M in ing--Two and Th ree Dimensional  Bou ndary 
Element Model . I N :  Proceedings 23rd An nua l  
Conference of  the  Eng ineering G roup  of  the 
Geological Society, Engineering  Geology of 
Undergrou nd Movements, Un ivers ity of 
Nottingham, September 1 3- 1 7 ,  1 98 7 .  
Measu red su rface d isp lacements a re compared 
to the predictions of the model presented, with 
attention paid to maximum su bsidence, su rface 
profi le, and the appl icabi l ity of the two-d imens iona l  
model  to the th ree-dimensional  case. For deep and 
sha l low mines, respective ly, it is necessary to  adopt 
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low and h igh  va l ues of Poisson 1s ratio to obta in 
close agreement between measu rement and 
calcu lation because at depth most of the overlying  
rock is  intact, wh i le  for sha l low mines, the  fa i l u re 
zone reaches the surface . 
Keyword (s) : model i ng ,  bou ndary element, 
longwa l l ,  prediction,  overbu rden 
Tsur-Lavie, Y., S. A. Denekamp,  G .  Fa instein . 
S u rface S u bsidence Associated with Longwal l  
M in ing :  Two and Th ree Dimensional  Boundary 
Element Model . I N :  Eng ineering Geology of 
Underground Movements,  Geological Society 
Eng ineering  G eology S pecia l  Publ ication No .  5 ,  
F .G .  Bel l ,  et  a l . ,  eds . ,  1 98 8 ,  p .  225-23 1 .  
Systematic measu rements of su rface 
d isp lacements associated with longwal l  m in ing  
made by British Coa l  are compared with Nationa l  
Coal Board resu lts ca lcu lated i n  the present study. 
Th ree aspects of subsidence a re considered : 
maximum su bsidence, su rface configu ration , and 
appl icabi l ity of two-dimensiona l  models to th ree­
d imensional  cases . The model presented in this 
paper is based on elementary solut ion for stresses 
and d isp lacements in an infin ite homogeneous 
e lastic h a lfplane or ha lfspace, subjected at its 
bou n dary by a d iscontin uous un iform displacement. 
Two- and th ree-d imensional  models were developed 
using  those solutions . The model was used for an 
ana lysis of g round su bsidence as a function of the 
span and he ight of the m ined open ings, assuming  
various Poisson 1 s  ratios . Resu lts of  two-dimensional 
models, representing  open ings of infin ite length 
were compared with measu rements (compi led by 
the NCB)  that correspond to longwal l  m ines . - Keyword (s) : model ing ,  bou ndary element, 
pred iction ,  longwa l l ,  coa l m in ing ,  Nationa l  Coal 
Board, mathematical model 
Location (s) : Un ited Kingdom 
Tubby, J. E . ,  I .  W. Farmer. Stabi l ity of Undersea 
Workings at Lynemouth and E l l i ngton Col l ieries . The 
M in i ng  Eng ineer, London,  v. 1 4 1 ,  August, 1 98 1 ;  p .  
87-9 6 .  
Keyword (s) : su rface water, coa l m in ing  
Location (s) : Un ited Kingdom 
Tu rka , R.  J . ,  R.  E .  G ray, F.  B.  Newman . Use of 
Concrete for Stabi l i zation of Abandoned Coa l 
Mines .  I N :  M ine  S u bsidence - Prediction and 
Control ,  Nationa l  Sympos ium,  33rd Annua l  Meeting 
Association of Eng ineering  Geologists, October 2-3,  
1 990, C . D . E l ifrits , ed . ,  Pittsburgh ,  PA, p.  1 77- 1 8 1 .  
The appl icabi l ity of us ing concrete for 
stabi l i zation of abandoned coal m ines is  i l l ustrated 
by a case h istory. 
Keyword (s) : coal m in ing ,  abandoned mines,  
g routing ,  room-and-pi l lar,  p i l l ar  extraction 
Location (s) : Appalach ian Coal Reg ion ,  Un ited 
States 
Turnbu l l ,  D . ,  E. L .  J .  Potts . Surface and Under­
ground Subsidence Correlation . Col l iery Eng ineeri ng ,  
v .  35 ,  no .  2 ,  February, 1 958 ,  p .  65-7 2 .  
This paper describes a series o f  level i ng  stations  
at  the surface and in  five u nderlyin g  coa l seams, 
which were to be used as a framework for more 
deta i led leve l ing operations .  
Keyword (s) : su rface subsidence damage, 
survey des ig n ,  coal  min ing,  su rvey methods, 
mu ltip le-seam extraction 
Turney, J. E. Colorado G eological  Survey ' s  Role and  
Responsib i l ity - Abandoned Mine Subsidence 
Hazards . I N :  Proceedings Conference on Coal M ine  
3 8 1 
Subsidence i n  the Rocky Mou nta in  Region , 
Colorado S prin gs,  October 28-30, 1 985 ,  J . L . 
Hynes, ed . ,  Colorado G eological Survey Special  
Publ ication 3 1 ,  Department of Natural Resources, 
Denver, 1 986,  p .  1 9-23 . 
The Colorado G eological  Survey ' s  respon­
s ib i l it ies regard ing  inactive mine subsidence hazards 
are mandated by state statutes that created the 
present S u rvey in  1 967 and Colorado land use laws 
enacted between 1 97 2  and 1 974.  These laws set 
the stage for the Survey ' s  review of subsidence 
investigations,  the development of a subsidence 
information l ib ra ry that i ncludes reports of 
subsidence i nvestigations,  extent of m in ing  maps,  
and publ ications .  
Keyword (s ) :  l aw, abandoned mines, land-use 
p lann i ng ,  reclamation ,  l iterature search 
Location (s) : Colorado, Rocky Mou nta in  Coal 
Region , Un ited States 
U.S . Army Eng ineer District ( Ba lt imore, M D) 
Northeast Flood Study, Susquehanna R iver Basi n  
Flood Contro l and M ine  Subsidence i n  Wyoming  
Val ley, Pennsylvan ia .  1 97 1 ,  3 5  p .  ( NT IS  PB  207 
567-D) 
Keyword (s) : surface water 
Location (s ) :  Pennsylvan ia ,  Appalach ian  Coal 
Reg ion,  United States 
U . S .  Bu reau of Mines .  Rock Mechan ics 
I nstrumentation for M ine  Design . U . S .  Bureau of 
Mines IC 8585,  1 973,  76  p .  
Keyword (s) : g round control ,  i nstru mentation , 
rock mechan ics, mine design 
Location (s) : Un ited States 
U . S .  Bureau of Mines .  I nvestigation of S u bsidence 
in  Farmington , Marion Cou nty, West Virg i n i a . U . S .  
Bureau of Mines Mineral Resou rces and 
Environmental Development, February, 1 974.  
Keyword (s ) : surface subsidence damage 
Location (s) : West Virg in ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
U .S . Bureau of Mines .  G round Control Aspects of 
Coal Mine Design . Proceedings ,  U . S .  Bureau of 
Mines Technology Transfer Seminar, Lexington ,  KY, 
1 9 73, U .S . Bureau of M ines IC 8630, 1 974, 1 38 p .  
This report inc ludes an overview o f  the USBM 
approach to  mine desig n .  It includes th ree papers 
on problems associated with the design of panels,  
five papers on coal  mine roof problems, three 
papers on longwal l  problems, and comments by the 
partic ipants on the USBM-industry pane l  d iscussion . 
Seminar attendance consisted of representatives 
from the coal-m in ing  industry, un ivers ities, m in ing  
consu ltants, instrument manufactu rers, and local ,  
state, and federal government agencies . 
Keyword (s) : mine design ,  g round contro l ,  coal  
m in ing ,  roof stabi l ity, longwal l  
Location (s) : Un ited States 
U . S .  Bureau of Mines .  Pumped-Slu rry Backfi l l i ng  of 
I naccessible Mine Workings for S u bsidence Contro l . 
U . S .  Bu reau of Mines IC  8667,  1 97 5 .  
Keyword (s) : hydrau l ic  backfi l l i ng ,  abandoned 
mines, ground control 
Location (s) : Un ited States 
U . S .  Bureau of Mines .  Su rface Subsidence Control 
i n  M in ing Regions .  F ina l  Environmenta l Statement, 
FES 76-5 8 ,  November 5, 1 976,  90 p . ,  append ices 
A and B. 
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The most s ign ificant environ mental impact of 
conduct ing su bsidence control projects is the 
protection provided to heavily popu lated surface 
areas that h ave been u n dermined by coal or mineral 
extraction . 
Keyword (s) : hydrau l ic backfi l l i ng ,  abandoned 
m ines,  su rface structu ra l damage, mine waste, 
environm ent, surface water, subsurface water 
Location (s) : Wyoming,  Pennsylvan ia ,  
Appalach ian Coa l  Reg ion , Un ited States 
U . S . Bureau of M ines .  M ine  G round Control U .S . 
Bureau of M ines I C  8973,  Proceedings, Bureau of 
M ines Technology Transfer Seminars, Pittsburgh  
PA, December 6-7 ,  1 9 83,  and Denver CO, 
Decem ber 8-9,  1 983,  pu bl ished 1 984, 1 55 p .  
The basic goal  o f  the USBM G round Control 
research program is to provide the m in ing  industry 
with technology that wil l  lead to the reduction of 
accidents due to fal ls of g roun d .  The problems of 
grou nd control a re the i nabi l ity to "see" geologic 
anoma l ies ahead of the mine workings, the d if­
f icu lty in predicting  grou nd movements induced by 
excavation , and the need to provide efficient 
g rou nd control over the widely varying and fre­
quently u nexpected cond it ions encountered from 
one p lace to another.  
Keyword (s) : g round control ,  mine safety, 
geologic featu res, mine design ,  i nstru mentation , 
mon itoring equ ipment, roof su pport 
Location (s ) : Un ited States 
U . S .  Bureau of Mines .  S u bsidence Pred iction Model . 
Technology News No .  256,  August, 1 986,  U . S .  
Bureau o f  M ines, Wash ington,  D . C . ,  2 p .  
The objective of this model i s  t o  provide the 
m in i ng  industry with an easy-to-use means of 
accu rately predictin g  surface su bsidence caused by 
longwa l l  m in ing  in the northern Appalach ian Coal 
Bas in . 
Keyword (s ) :  coal m in ing ,  longwal l ,  prediction , 
active mines, overburden 
Location (s) : Appalach ian Coal Reg ion,  Un ited 
States 
U .S .  Bureau of M ines .  Mon itor ing Foundation 
Response to S u bsidence Using a Ti ltmeter .  
Tech n ology News No.  3 1 3 , September 1 988 ,  
Bureau of  M ines,  Wash ington D . C . ,  2 p . 
The objective is to determine how su bsidence 
resu lti ng  from u nderground  coal m in ing  affects 
su rface structu res,  and eva luate the usefu lness of 
the ti ltmeter for mon itorin g  fou ndation movement. 
The US BM is studying  fou ndation response to mine  
su bsidence to determine h ow su bsidence- induced 
ground movements affect fou ndations in p lace 
d i rectly above the m ine .  A computer software 
package was developed to aid in the reduction and 
ana lysis of  the  ti ltmeter data . 
Keyword (s) : foundations,  coa l m in ing ,  
mon itori ng equ ipment, mon itoring  methods, 
mon itoring  design ,  surface structu ra l damage, 
computer, vertica l d isplacement, h orizontal 
d isp lacement 
Location (s} : I l l i no is, I l l i nois Coal Bas in , Un ited 
States 
U . S .  Bureau of Mines .  Structu ra l Uses and Place­
ment Tech n iques for Lightweight Concrete i n  
Undergrou nd  M in in g .  U .S .  Bureau of  M ines 
Technology News 354, January 1 990.  
The objective of  th is project is  to investigate 
the use and placement of l ightweight concrete to 
improve ground control technology in deep mines 
where deformation occurs u nder h eavy g round  
conditions and  where there is  danger o f  rock bursts . 
Keyword (s) : g round contro l ,  m ine  design 
Location (s) : Un ited States 
U . S .  Bureau of Mines .  S imple Extensometer 
Measu res Underground Backf i l l  Displacements . U . S . 
Bureau of Mines Technology News 355 ,  February 
1 990.  
The objective of th is p roject is  to measure 
settl i ng  in cemented backfi l l  when instal l ation of 
borehole extensometers is not feasib le .  
Keyword (s) : monitoring equ ipment, 
instru mentation , backfi l l i ng  
Location (s ) :  Wash ington ,  Un ited States 
U . S .  Bureau of Mines .  Abandoned Mine  Lands 
Program TN No.  1 Subsidence Abatement 
Investigation Laboratory (SAI L) . Technology News 
380, Apri l ,  1 99 1 ,  Office of Technology Transfer, 
U . S .  Bureau of Mines, Wash ington ,  D . C . ,  2 p .  
The objective of this program i s  to provide a 
fu l l -scale test faci l ity where the effectiveness of a l l  
types of  su bsidence-abatement tech n iq ues can be 
eva luated u nder control led cond itions .  
Keyword (s) : abandoned mines,  hydrau l ic  
backfi l l i ng ,  pneu matic backfi l l i ng ,  grouting  
Location (s) : Un ited States 
U . S .  Bureau of Mines .  Computer-Assisted G round 
Control Management System .  Tech nology News 
38 1 , May 1 99 1 ,  Office of Technology Transfer, 
U .S . Bureau of Mines, Wash ington ,  D . C . ,  2 p .  
3 8 3  
The objective of th is system is to apply state­
of-the-art mon itor ing and computer systems tech­
n ology to  remotely mon itor geostructu ra l  data and 
evaluate grou nd  condit ions in near rea l-time .  
Keyword (s) : coa l  m in ing ,  longwal l ,  ground 
contro l ,  computer 
Location (s) : Rocky Mou nta in  Coal Region , 
Un ited States 
U . S . Bu reau of M ines .  An alysis of Longwal l  P i l lar  
Stab i l ity (ALPS ) Method for S iz i ng  Lon gwal l  P i l lars .  
Technology News 382 ,  June  1 99 1 ,  2 p .  
The objective of  th i s  project is to  improve 
g rou nd control in longwa l l  gate entries by 
develop ing a practical method for eva luating 
longwa l l  p i l lar designs .  
Keyword (s ) : ground control ,  longwa l l ,  p i l lar  
strength , coal m in ing ,  active mines 
Location (s) :  Un ited States 
U . S .  Bu reau of M ines .  Abandoned Mine Lands 
Program TN No .  3 :  Foaming Mud Cement Controls 
Underground  Coal Mine F i res and Subsidence . 
Tech nology News No . 387 ,  Ju ly 1 99 1 ,  Office of 
Technology Transfer, U . S .  Bu reau of Mines, 
Wash ington ,  D . C . ,  2 p .  
The objective of th is  project was to develop a 
cost-effective, flexible method for extingu ish ing 
u n derground  coa l  mine f ires that can be read i ly 
u sed in f ire condit ions encountered in both aban­
doned m ines and coa l  outcrops . A secondary 
objective was to prevent su bsidence by fi l l i ng  the 
voids with a material h av ing sufficient compressive 
strength to min imize subsidence . 
Keyword(s) : m ine  fires, abandoned mines, coal 
m in ing,  m ine  waste, hydrau l ic backfi l l i ng 
Location (s) : Arizona,  Utah ,  Montana,  West 
Virg i n ia ,  Rocky Mou nta in Coal Region, Appalach ian 
Coa l Reg ion ,  Un ited States 
U . S .  Bureau of M ines .  Abandoned Mine Lands 
Program TN No .  4 :  Repairing  Stream Channels to 
Reduce Water Loss into Underground Mines .  
Technology News 3 8 8 ,  J u ly 1 99 1 ,  Office of 
Tech nology Transfer, U . S .  Bu reau of Mines, 
Wash ington ,  D . C . ,  2 p .  
T h e  objective of th is project was to control 
stream loss by identifying  and selectively sea l ing  
water loss zones in  stream channels overlying 
u nderg round mines.  
Keyword (s) : subsurface water, abandoned 
mines, active m ines, longwal l ,  overburden 
Location (s) : Maryland,  West Virg in ia ,  
Appalach ian  Coal  Region,  Un ited States 
U.S . Bureau of Mines .  Computer Program for 
Unsaturated Flow Analysis .  Technology News 3 90, 
September 1 99 1 ,  2 p .  
The objective of th is project was to ana lyze 
variably saturated f low in m in ing  and other 
environ menta l ly sensitive setti ngs th rough the use 
of software for personal  computers . New and 
innovative computer models are necessary to  
assess more accurately the potentia l  impact of 
min ing activities on groundwater resou rces and the 
environment . 
Keyword (s} : subsurface water, hydrology, 
environ ment, computer, model ing ,  fin ite e lement 
Location (s} : Un ited States 
U .S . Bu reau of Mines .  Abandoned M ine  Lands TN 
No.  5 .  Abandoned Mine Detection Using Integrated 
Geophysical Methods . Technology News 3 9 1 ,  
September 1 99 1 ,  Office of Technology Transfer, 
U .S . Bu reau of Mines, Wash ington ,  D . C . ,  2 p .  
The objective of th is project i s  t o  detect 
hazards associated with abandoned mine  open ings 
th rough the use of  integrated geophysical  
technology. 
Keyword (s} : geophysica l ,  abandoned m ines, 
backfi l l i ng  
Location (s) : Colorado, Rocky Mou nta in  Coa l  
Reg ion,  Un ited States 
U .S . Bureau of Mines .  Abandoned Mine  Lands 
Program TN No.  9 .  Subsidence Mon itor ing Using 
Seismic Activity .  Tech nology News 404, August 
1 992 ,  Office of Tech nology Transfer, U . S .  Bureau 
of Mines, Wash ington , D . C . ,  2 p .  
The objective of th is program is to va l idate the 
premise that there is measu rable seismic activity 
associated with abandoned mine lands and that th is 
activity can be used to determine the stabi l ity of 
the abandoned mine open ings,  fa i l u re cycle of these 
open ings, and susceptibi l ity of the area to surface 
su bsidence.  
Keyword (s) : se ismic,  abandoned mines, 
monitoring  methods 
Location (s) : Colorado, Pennsylvan ia ,  Rocky 
Mou nta in  Coal Reg ion, Appalach ian Coal Reg ion , 
Un ited States 
U . S .  Bu reau of Mines .  Abandoned Mine  Lands TN 
No . 1 3 . G IS Data Base for Colorado Spr ings A M L  
Study Area . Tech nology News 408 , October 1 99 2 ,  
Office o f  Tech nology Transfer, Bureau o f  M ines, 
Wash ington,  D . C . ,  2 p .  
The objective of this project i s  to determ ine  the 
extent to which remote-sensing techn iques, 
384 
particu la rly l inea ment ana lysis, can be used to 
identify geolog ic  structu res that may affect the 
location and migration of subsidence over aban­
doned u n derground coal mines in the  Colorado 
S prings area . Data are compi led us ing a geograph ic 
information system (G IS )  to a l low efficient and 
reproducible comparisons and ana lyses . 
Keyword (s } :  remote sensing,  abandoned mines, 
coa l m in i ng ,  computer 
Location (s ) : Colorado, Rocky Mountain Coal 
Reg ion , Un ited States 
U . S .  Bureau of M ines Staff .  M ine  Subsidence 
Contro l .  Proceedin gs, U . S .  Bureau of Mines 
Tech nology Transfer Seminar, Pittsburgh ,  PA, 
September 1 9 , 1 985 ,  U . S .  Bureau of Mines I C  
9042,  5 6  p .  
Four papers are inc luded . Topics are effects of 
subsidence on water table levels, development of 
subsidence precalcu lation methodology su itable for 
use with the specific l ithological  conditions of the 
Pittsburg h  coalbed, an  eng ineering comparison of 
technolog ies used in surveying for longwal l  mine 
su bsidence,  and a comparison of the process of 
subsidence over two d ifferent longwal l  panels . The 
USBM conducted research to develop accu rate 
techn iques of su bsidence prediction ta i lored to 
geologic condit ions specific to the Un ited States . 
Keyword (s) : pred iction,  eng ineering ,  longwa l l ,  
mon itorin g  equ ipment, mon itori ng  design ,  
mon itorin g  methods, su rvey methods, su rvey 
equ ipment, survey desig n ,  su bsurface water, 
hydrology, geolog ic  featu res 
Location (s} : Pennsylvan ia ,  Appalach ian Coal 
Region , Un ited States 
U . S .  Code of Federa l  Regu lations .  Title 30--Mineral 
Resou rces; Chapter Vl l --Office of Su rface Min ing  
Reclamation and Enforcement, Department of  the 
I nterior; S u bchapter K--Permanent Program 
Performance Standards; Part 8 1 7--Underground 
M in ing  Activities . J u ly 1 ,  1 984.  
Keyword (s) : govern ment, law 
Location (s } :  Un ited States 
U . S .  Code of Federa l Regu lations .  Title 30--M ineral 
Resou rces; Chapter V l l --Office of Surface Min ing  
Reclamation and Enforcement, Department of  the 
I nterior; Subchapter G--Permanent Program 
Performance Standards; Part 783--Undergrou nd 
M in ing  Permit Appl ications--M in imum Requ i rements 
for Information on Environ menta l  Resou rces . Ju ly 1 , 
1 9 84.  
Keyword (s) : m ine operation ,  law, envi ron ment, 
govern ment 
Location (s) : Un ited States 
U . S .  Congress . Surface Min ing  Control and 
Reclamation Act of  1 977 .  Pub l ic  Law 95-87,  
August 3 ,  1 977 ,  9 1  Stat. 4; 30 U . S . C .  1 20 1 , et 
seq . 
Th is law authorized federal regu lations for 
recla iming and revegetating  surface areas of 
u nderground and surface coal mines .  
Keyword (s} : reclamation , m ine  operation ,  law, 
government, coal m in ing  
Location (s) : U,n ited States 
U . S .  Department of the I nterior .  S u rface M in ing  
Citizen 1 s  Compla int .  Office of  Hearings and 
Appeals, Hearings Division , Arl i ngton , VA, January 
29 ,  1 990.  
This case concerns a S u rface M in ing  Citizen 1s  
Compla int a l leg ing that  Cl inchfie ld Coa l  Company 1s  
underground min ing  activities h ad caused a wel l  to 
run dry, as well as having  damaged a residence . 
Keyword (s} : law, su rface structu ra l damage, 
coal m in ing ,  subsurface water, hydrology, angle of 
draw, pi l lar extraction 
Location (s} : Virg in ia ,  Appalach ian Coal Reg ion ,  
Un ited States 
U . S .  Department of the I nterior, Bureau of Mines .  
Demonstration--Hydrau l ic Backfi l l i ng  of  M ine  Voids, 
Scranton,  Pennsylvan ia . Final Envi ron menta l  
Statement, FES 72- 1 1 ,  U .S . Bu reau of  M ines,  May 
1 5 , 1 972 , 63 p .  
The US BM proposes to conduct a demon­
stration project to test the economic feas ib i l ity of 
the Dowel l  hydrau l ic s lu rry injection process for 
b l ind backfi l l  of dry and flooded u n derground mine  
voids to  stabi l ize rema in ing  coal p i l lars and roof 
rock, thereby preventing surface subsidence . I f  
successfu l ly completed, the project wi l l  backfi l l  
m ine  voids i n  the Clark and New Cou nty coalbeds 
beneath a 20-acre section of the G reen Ridge 
residentia l  area of Scranton,  Pennsylvan ia ,  with 
approximately 300,000 cubic yards of crushed coa l 
refuse from the adjacent Eu reka cu lm bank .  
Keyword (s} : hydrau l ic backfi l l i ng ,  coal m in i ng ,  
abandoned mines, m ine  waste, anth racite 
Location (s) : Pennsylvan ia ,  Appalach ian Coal 
Region,  Un ited States 
U .S .  Department of the I nterior, Office of S u rface 
Min ing Reclamation and Enforcement. Permanent 
Regu latory Program I m plementi ng  Section 50 1 (b}  
· of the S u rface M in i ng  Control and Reclamation Act 
of 1 97 7 .  F ina l  Envi ron menta l  Statement, OSM 
E IS- 1 , January, 1 97 9 .  
3 8 5  
For  t he pu rpose of  analyz ing  environ menta l  
impacts, the Un ited States was d ivided into th ree 
reg ions :  the eastern coal reg ion,  consisting  primari ly 
of the Appalach ian coal province; the midwestern 
reg ion or I nterior coal province; and the western 
reg ion , composed of the Northern G reat Pla ins  and 
Rocky Mou nta i n  coa l  provinces.  
Keyword (s ) : govern ment, law, environ ment; 
active m ines, active m ines,  coal m in ing  
Location (s } :  Un ited States 
U . S .  Genera l Accounting Office . Alternatives to 
Protect Property Owners from Damages Caused by 
M ine  Su bsidence .  Report CED-79-25,  February 1 4, 
1 97 9 ,  50  p .  (NTIS PB 290 869 }  
Th is report presents an  overview of  experience 
with subsidence and its economic and socia l  effects 
in the Untied States . Leg islation at the federa l ,  
state, and loca l  levels is  briefly d iscussed, as is the 
relationsh ip  between partia l- and tota l-extraction 
m in i ng  methods and resu ltin_g surface subsidence . 
F ive possible a lternatives for protect ing property 
owners from financ ia l  hardsh ip  due to mine 
su bsidence are examined . 
Keyword (s} : su rface structu ra l damage, mine 
design ,  law,  govern ment, insurance,  backfi l l i ng ,  
structura l m it igation , partia l  extraction ,  longwal l ,  
economics, land-use p lann ing ,  abandoned mines, 
active m ines,  construction,  coal m in ing ,  meta l 
m in i ng ,  non-meta l m in ing ,  uti l it ies, roads, p ipe l ines, 
bitu minous ,  anthracite, economics 
Location (s } : Pen nsylvan ia ,  I l l i nois, O h io ,  West 
Virg in i a ,  New Jersey, Kansas, Missou ri ,  Oklahoma, 
Kentucky, Colorado, Wyoming,  Montana,  Arkansas, 
I nd iana ,  Wash ington ,  Maryland, Nevada, I l l inois 
Coa l Bas in ,  Appalach ian Coal Region,  Rocky 
Mou ntain Coal Reg ion,  Un ited States 
University of I l l ino is ,  Urbana,  I L. Mine Su bsidence 
and Bu i ld ing  Damage.  Energy Report, Office of -
En ergy Research ,  Un ivers ity of I l l i nois at Urbana­
Champa ig n ,  Ju ne, 1 9 82 ,  2 p .  
Ana lysis of  m ine  su bsidence inc idents in I l l ino is 
i nd icates that subsidence will continue to occur  as 
the ground over abandoned coal mines col lapses or 
settles . S u bsidence is  a cause for concern in I l l i nois 
becau se more than 750�000 acres of land have 
been u n dermined for coa l .  A rapid response to 
emergency problems caused by mine su bsidence 
and the use of certain bu i ld ing techn iques can 
m in imize damage to structures . These a re among 
the conclusions researchers at the Un iversity of 
I l l i nois at Urbana-Champaign have reached after a 
deta i led investigation of m ine  su bsidence cases . 
Keyword (s) : su rface structu ral damage, 
abandoned mines, coal  m in ing  
Location (s) : I l l i nois,  I l l ino is Coa l Bas in ,  Un ited 
States 
Un iversity of Wyoming,  M in ing  Eng ineering . S pecifi­
cations and Recommendations for Residentia l  
Construction Subject to G round Movements Related 
to Mine Subsidence . Report on Contract 5/3 8 7 8 1 ,  
Department of Environmental Qua l ity, Land Qua l ity 
Divis ion ,  1 988 ,  68 p .  
The  purpose of  this document is to  provide 
specifications and recommendations to m it igate 
damage to bu i ld ings in areas with a potentia l  for 
mine su bsidence related ground movements . 
Keyword (s) : structural m itigation ,  abandoned 
mines, coal  min ing,  insurance, construction,  
arch itectu re, foundations, uti l it ies, eng ineering  
Location (s) : Wyoming ,  Rocky Mou nta in  Coal 
Region , Un ited States 
Unrug,  K. F. Longwal l  Su pport Requ i rements . 
Journal  of Mines ,  Meta ls & Fuels,  September, 
1 983,  Specia l  Number on Update on Longwal l  
M in ing--Evolving Trends, p .  334-344. 
Plann ing of the longwal l  operation should take 
into account many factors such as seam th ickness, 
d ip ,  depth , roof and f loor conditions,  fractures 
pattern , etc . 
Keyword (s) : longwal l ,  roof stab i l ity, roof 
support, mine operation ,  geologic featu res, coal 
m in ing  
Location (s) : Un ited States 
Unrug ,  K.  F . ,  C. A. Johnson . Subsidence Potentia l  
�n the Eastern Kentucky Coa l F ie ld . I N :  M ine  
· 
Subsidence, Society of M in ing  Eng ineers Fal l  
Meeting,  St. Lou is,  September, 1 986,  M . M .  S i ngh ,  
ed . ,  S M E, Littleton ,  CO� p .  4 1 -50.  
The major su bsidence areas in  the Eastern 
Kentucky Coal Field were identified to d isti ngu ish  
the  su bsidence phenomena on the  basis of 
geograph ical location . Further, th is identification 
process was based upon selected critical geolog ica l ,  
topograph ical ,  and min ing features in  the coal  
fields . The proposed identification of the reg ions 
was derived from a comparison of the subsidence 
potentia l  in a particu lar area . The most l i kely severe 
subsidence areas were compared to those with the 
probable low su bsidence severity . The combination 
of certa in geolog ical and min ing  parameters 
386 
i nvolved a l lowed for the derivatio'n of a 
c lass ification of the subsidence potentia l .  
Keyword (s) : coal m in ing ,  geologic featu res, 
l and-use plann ing ,  mu ltip le-seam extraction 
Location (s) : Kentucky, Un ited States 
Unrug ,  K. F . ,  S .  K. Nandy.  F in ite Element Analysis 
and  Comparison of Sha ly Mine Roof Support 
Systems . I N :  Rock Mechan ics as a G u ide for 
Effic ient Uti l i zation of Natural  Resources, Pro­
ceed ings  30th U .S .  Symposium,  1 989 ,  A .W .  Kha i r, 
ed . ,  Ba lkema,  Rotterdam,  p .  629-636 .  
I n  t he  paper a nu merical model ing method is 
used for eva luation of a roof support system, which 
is  commonly used in  the coal  industry in the Un ited 
States . The effectiveness of mechan ical roof bolting  
with or without header boards and steel straps are 
compared . Th is  ana lys is takes i nto account the 
response of a sha ly roof to changing environ mental 
conditions . in mines re lated to the seasona l  changes 
in  tem peratu re and hum id ity of the intake air .  
Keyword (s) : f in ite e lement, roof support, 
model i ng ,  coal m in ing ,  roof bolting  
Location (s) : Un ited States 
Un rug ,  K. F ., S .  Nandy.  I mprovement in Stab i l ity of 
S haly Roofs in Coal M ines .  I N :  Proceed ings,  3 rd 
Conference on G round Control Problems in the 
I l l i nois Coal Basi n ,  Mt.  Vernon,  I L, August 8- 1 0, 
1 990, Y. P .  Chugh ,  ed . ,  Southern I l l i nois Un iversity, 
Carbondale,  p. 1 25- 1 42 . 
Mainta in ing  the integrity of shaly roofs in coal 
m ines requ i res costly, periodic rehab i l itation of the 
support .  The design parameters of a roof structu re 
exist on ly over a l imited period of time after exca­
vation . Consequently, in long-term open ings l i ke 
ma ins  and sub-mains,  the deterioration of the 
cond itions alters the design parameters to a point 
where the roof rock becomes a completely d ifferent 
materia l .  Therefore, the ·  criteria for design of roof 
support in  long- and short-term open ings shou ld be 
d ifferent .  
Keyword (s) : roof stabi l ity, coa l  min ing,  roof 
su pport, geologic featu res , roof bolting ,  lab testing  
Location (s) : Un ited States 
Urban ,  D. W. Damage Su its : Blasting ,  Subsidence, 
and Reclamation . Ch . 1 0  in  Mineral Law, Sprague,  
S prague  & Ysu rsa, Bel levi l le ,  I L, 1 982 ,  p .  1 0- 1 -
1 0-76 .  
The  pu rpose of  th i s  chapter is to  provide the 
attorney engaged in  civi l  l it igation with an ins ight 
into the subject of blasting and su bsidence damage 
l it igation . Although  it is ra re for a law fi rm to 
receive many cases perta in ing  to blasting  damages, 
virtua l ly every law firm in  I l l inois could poss ib ly be 
faced with l itigation concern ing su bsidence 
damage .  Th is chapter is therefore designed to 
provide a basic understand ing of the various civi l  
and admin istrative remedies ava i lable to the c l ient .  
It  is a lso designed to provide a basic u nderstand ing  
of  the  princ ip les of  physics and engineer ing so that 
the attorney can properly conduct d iscovery and 
locate expert witnesses . F ina l ly, wh i le  the attorney 
engaged in general civi l  l it igation cou ld conduct a 
tria l  based u pon I l l i nois common law, th is chapter i s  
designed to  i ntroduce the  attorney to  the maze  of 
admin istrative remedies created by the S u rface 
Min ing  Control and Reclamation Act of 1 977 and to 
provide an u nderstand ing of the complex 
regu lations which accompany the Act . 
Keyword (s) : l aw, government, coal m in i ng ,  
abandoned mines, active mines, surface structural 
damage, partial extraction ,  longwa l l ,  i nsurance 
Location (s) : I l l inois,  I l i no is Coa l Basin ,  Un ited 
States 
Urban Redevelopment Auth ority, Pittsburgh ,  PA. 
Eva luation of Mine Su bsidence,  Neighborhood . 
Development Program,  Webster-E lba and Roberts­
Devi l l iers Project Action Areas . March , 1 973 ,  23 p .  
Keyword (s) : surface structu ral damage 
Location (s ) :  Pennsylvan ia ,  Appalach ian Coa l . 
Reg ion,  Un ited States 
Urban ik, W . ,  V. J .  Osborne .  Mon itori ng  and 
Predictive Model ing  of  Subsidence in  the  West 
Moreton Coalfield . I N :  Proceed ings,  Sympos ium on 
3 8 7  
G round Movement and Control Related to Coal 
M in i ng ,  l l lawarra, Austra l ia ,  August, 1 986,  N . I .  
Az iz., ed . ,  Austra las ian I nstitute of M in ing  and 
Meta l l u rgy, p .  3 24-333 . 
A su bsidence mon itorin g  network was estab­
l ished at a room-and-p i l lar  col l iery in  southeast 
Queens land,  Austra l ia . A computer model, based on 
the theory of Kowalczyk ( 1 972 )  was developed to 
pred ict subsidence ,  and wi l l  be used with the f ie ld 
data . I t  is  h oped to ascerta in  the safe distan ce of 
m in i ng  from su rface structures, the possib i l ity of 
contro l led extraction beneath surface structures, 
and the time dependency of subsidence . 
Keyword (s) : computer, prediction , model ing ,  
mon itor ing methods, room-and-pi l lar, coa l  m in ing ,  
active m ines,  su rface structu ra l  damage, ang le of 
draw, part ia l  extraction , time factor 
Location {s) :  Austra l ia  
Utah Board and Division of O i l ,  Gas,  and M in i ng .  
Coa l  M in i ng  and Reclamation Permanent Program ,  
Chapter 1 .  F i n a l  Ru les . Revised September 20,  
1 98 2 ,  3 00 p .  
Th is report conta ins  information concern ing the 
regu lations perta in ing  to surface effects of 
u n derground  coal m in ing  activities in Uta h .  
Keyword (s ) : law, surface subsidence damage, 
government, reclamation ,  mine operation ,  coa l 
m in i ng  
Location (s) : Utah ,  Rocky Mou nta in  Coal Reg ion,  
Un ited States 
Vaclav, S .  A Study of Rock Movements in Long  
Wa l l  M in ing  in  Lign ite Seams .  Uh l i ,  September 9,  
1 955 . 
Keyword (s) : longwa l l  
Van  Besien , A.  C .  Ana lysis of  Roof Fa l l  Accident 
Statistics and its Appl ication to Roof Control 
Research . Preprint No. 73-F-7 1 ,  A I M E  An n u a l 
Meeting,  Ch icago, I L, February 25-March 1 ,  1 973 ,  
1 1  p .  
Keyword (s) : roof support, roof stabi l ity, grou nd  
control ,  m ine  safety 
Van Besien,  A. C . ,  J .  D. Rockaway. Statistica l  
Ana lysis of Subsidence Events Over Room-and­
Pi l lar  Coal  Mines .  I N :  Proceed ings,  2nd Conference 
on G round Control Problems in  the I l l i nois Coal  
Bas in ,  May 1 985 ,  Y. P .  Chugh ,  ed . ,  Southern I l l i nois  
Un iversity, Carbondale,  p .  1 38- 1 45 .  
This paper presents the resu lts of statistica l  
ana lyses of su bsidence events over room-and-p i l lar  
coa l  mines .  Data were col lected on subsidence 
events in a nu mber of coal f ields, looking for geo­
graph ic patterns in  subsidence behavior and a 
number of s ite geolog ic parameters not known to 
have been examined in  earl ier stud ies . The study 
was primari ly oriented toward identify ing those s ite 
conditions,  whether geologic or m in ing  in character, 
that inf luence the delay between m in ing  and the 
onset of  surface distress caused by subsidence . 
Keyword (s) : coal m in ing ,  room-and-pi l lar ,  
overburden , geologic featu res, l iteratu re search ,  
abandoned m ines, active m ines,  anth rac ite, 
bitu minous,  soi ls, roof stabi l ity 
Location (s) : Colorado, Wyoming,  Ok lahoma,  
I l l inois,  I nd iana,  Kentucky, Alabama,  O h io, 
Pennsylvan ia , I l l i nois Coa l  Bas in , Rocky Mou nta in  
Coa l  Region , Appalach ian Coa l  Region , West 
Virg in ia ,  Un ited States 
Van Bes ien , A. C . ,  J .  D. Rockaway . I nfl uence of 
Overburden Materia ls on the Type and Time 
Requ i red for Subsidence Development Over Room 
and Pi l lar  Coal Mines .  I N :  Association of Eng ineering  
Geolog ists Sympos ium Series No .  4 ,  Bu i ld i ng  Over 
Underground Mines--Subsidence Considerations,  
October 1 987 ,  p .  5 1 -62 . 
The magn itude and extent of the subsidence 
th at occurs over coal mines may be estimated 
reasonably accurately by cu rrent empirica l  and  
n u merical/physical pred iction model in g .  There a re,  
however, few effective procedures for pred ict ing 
the duration of t ime that e lapses between m in i ng  
and the  in it ial surficial expression of  subsidence . 
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Th is is particu la rly so with respect to subsidence 
over mines in which the coal was extracted by 
room-and-p i l lar  m in ing  methods . 
Keyword (s) : coal m in ing ,  model ing ,  empirical  
model ,  t ime factor, room-and-pi l lar, overburden ,  
prediction 
Location (s) : I l l inois Coal Bas in ,  Un ited States 
Van Besien , A. C . ,  N .  B. Aughenbaugh . Mu ltiple 
S u bsidence I ncidents at an Elementary Schoo l .  I N :  
Association o f  Eng ineeri n g  Geologists Sympos ium 
Series No .  4, Bu i ld ing Over Undergrou n d  Mines-­
S u bsidence Considerations,  October, 1 987 ,  p .  
9 9- 1 1 0. 
Th is  paper deta i ls investigations of two 
subsidence events at a school site in I l l inois; the 
i n it ia l  damage (to the old school)  occu rred in 1 97 1 . 
A second inc ident, th is  t ime to the n ew bu i ld ing,  
sti l l  u nder construction , fol lowed in 1 974.  There is 
l ittle doubt that both incidents were caused by mine 
su bsidence . The occu rrence of on ly partia l ly 
col lapsed mine  workings in the vicin ity of the 
school cou pled with water-main ru ptu res, damages 
to private residences, su rveyed d isplacements of 
the surface, and  fractu res of the ground surface 
i nd icated that damage to both old and new school 
structures was caused by episod ic mine 
su bsidence . 
Keyword (s) : abandoned mines, coal m in ing ,  
su rface structural damage, vertical d isplacement, 
uti l it ies, room-and-p i l lar, ang le of draw 
Location (s) : I l l ino is, I l l i nois Coal Basin ,  Un ited 
States 
Van Besien , A. C . ,  J. D. Rockaway. I nf luence of 
Overbu rden on Su bsidence Development over Room 
and Pi l l a r  Coal M ines .  I N :  Eng ineering Geology of 
Underground Movements, Geological  Society 
Eng ineering  G eology S pecia l  Publ ication No .  5 ,  F .G .  
Bel l ,  et a l . ,  eds . ,  1 988 ,  p .  2 1 5-2 1 9 . 
The magn itude and extent of the su bsidence 
that occu rs over coal m ines may be estimated 
reasonably accu rately by cu rrent empirical  and  
n u merica l/physical prediction model in g .  There a re, 
however, few effective procedu res for predicting  
the  du ration of  t ime that elapses between the 
advent of m in ing  and the in itia l  surfic ia l  expression 
of subsidence . Th is is particu larly so with respect to 
subsidence over mines in wh ich the coal was ex­
tracted by room-and-p i l lar  m in ing  methods .  Th is 
un defined time delay may be a critical  concern i n  
a reas above o ld  or abandoned room-and-p i l lar  mines 
where th e u ncerta inty of potentia l  su bsidence af­
fects property va lues and u rban development. The 
relationsh ip  between time and subsidence develop­
ment was evaluated in  th is study by compar ing 
data on min ing systems, overburden and floor 
characteristics, physica l properties of the coal 
seam, and the delay that occurred between coal  
extraction and in itiation of surface deformation . The 
data were col lected essentia l ly from the I ll inois 
Basin coal  f ield with additiona l  data from other coal­
produc ing reg ions i n  the Un ited States . Reasonably 
complete data sets from over 80 subs idence events 
were evaluated . 
Keyword (s) : coal m in ing ,  t ime factor, over­
burden, room-and-pi l lar, land-use p lann ing ,  
abandoned mines, pred iction,  geologic features 
Location (s ) :  I l l i nois, Colorado, Wyoming,  
Alabama,  Mich igan ,  I nd iana ,  O h io,  West Virg in i a ,  
Pen nsylvan ia ,  Kentucky, I l l inois Coa l  Basi n ,  
Appalachian Coal Region , Rocky Mounta in  Coal 
Reg ion,  Un ited States 
van der Knapp, W ., A. C .  van der Vl i s .  On the 
Cause of Su bsidence in O i l -Producing  Areas .  7th 
World Petroleu m Congress, Mexico City, 1 967,  v. 
3, p. 85- 1 05 .  
Keyword (s) : o i l  extraction 
van der Merwe, J. N .  Des ign Methods to Arrive at 
the Opt imal  Plac ing and M in ing  of I nter Panel P i l l a rs 
to Alleviate Their  Effects on Su rface . I N :  Pro­
ceedings,  SANGORM Symposiu m ,  October 2 1 ,  
1 98 6, Sandton , South Africa, I nternationa l  Society 
for Rock Mechan ics, South African Nationa l  G roup,  
p .  1 33- 1 44 .  
Current longwa l l  panels norma l ly incorporate 
the leaving  of inter-panel p i l lars .  These p i l lars are 
sometimes the cause of water accum u lations on 
the surface . A method is described whereby the 
d imensions of crush p i l lars can be determ ined 
wh ich do not have the same adverse effects on 
the surface . 
Keyword (s) : p i l lar  strength ,  coal m in ing ,  m ine  
design ,  longwal l ,  model ing ,  yield ing supports, 
computer, mu ltip le-seam extraction ,  surface 
structu ra l  damage, surface water, agricu ltu re 
Location (s) : South Africa 
van der Merwe, J. N. Analysis of Su rface Sub­
sidence Over a Longwa l l  Panel  at 50m Below 
S u rface . I N :  Proceedings, SANGORM Symposiu m ,  
October 2 1 , 1 986, Sandton ,  South Africa, Inter­
nationa l  Society for Rock Mechan ics, South African 
Nationa l  Group ,  p.  1 45- 1 50 .  
Longwa l l  coal m in ing  in  South Africa tends to 
occu r  at depths  of around 1 00 meters below the 
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surface .  Very few sha l low cases are avai lable for 
ana lys is .  The paper describes the resu lts of an 
ana lysis of a longwa l l  panel  mined at a depth of 50 
meters . I t  was fou nd that the normal ized surface 
strai ns  did n ot deviate s ign ificantly froni the 
expected va l ues,  whi le  s ign ificantly greater ti lts 
developed . There were a lso major d ifferences 
between the dynamic and static profi les . 
Keyword (s ) : active mines,  longwal l ,  su rface 
subsidence damage, coal m in ing ,  survey methods, 
vertical d isp lacement, h orizonta l d isplacement 
Location (s ) : South Africa 
van der Merwe, J .  N .  A Study of the Effects of 
M in i ng  Relatively Sha l low Overlying Longwa l l  
Panels with Staggered I nter-Panel P i l lars at  S igma 
Col l iery, South Africa . I N :  Eng ineering Geology of 
Underground  Movements, F . G . Bel l ,  et  a l . ,  eds . ,  
G eologica l  Society Eng ineering Geology Special 
Pub l ication No. 5 ,  1 988 ,  p. 243-255 .  
When two coa l  seams i n  close proximity are to 
be m ined by longwal l ,  a n u mber of a lternatives 
regard i ng  the p lac ing of the panels relevant to one 
another are possible . The main factors inf luencing 
the fina l  choice are gate-road stabi l i ty, face con­
ditions and the extent of su rface deformation . The 
paper describes the rationale and investigations 
lead ing up to the decision to stagger overlyin g  
longwa l l  panels a t  S igma Col l iery .  A two-d imen­
siona l  boundary e lement program was used to 
predict the stabi l ity of gate roads, after having  
obta ined excel lent correlation between predicted 
and  actua l  con d itions  in a test case .  Observations 
to date a lso confirm the prediction of stabi l ity 
conditions in the staggered panels . Surface 
deformations were measured in  deta i l . A computer 
program was written wh ich permitted the ana lysis 
of a h u ge vol u me of data in a very short time .  The 
resu lts of the ana lysis confi rm that less damaging 
su rface d istu rbance is caused by staggering the 
panels, compared with superim posing them . 
Keyword (s) : coal m in ing ,  mu ltip le-seam 
extraction , longwal l ,  m ine design , computer, survey 
data processing ,  bou ndary element, model i ng ,  
pred iction,  mon itor ing methods, geolog ic featu res, 
rock mechan ics, vertical d isplacement, horizontal 
d isp lacement 
Location (s) : South Africa 
van der Merwe, J. N .  Experiences with Undermin ing 
by Coal in  South Africa . I N :  Proceedings Th i rd 
Workshop on Su rface Su bsidence Due to Under­
ground Min ing ,  June  1 -4, 1 992 ,  S .S .  Peng ,  ed . ,  
Morgantown , WV, p .  2 99-3 1 0 . 
The paper provides an overview of subsidence 
research conducted by the Sasol Company i n  South 
Africa over a period of more than 6 years . The 
magn itudes of su bsidence elements in  South Africa 
are largely s imi lar to those in the Un ited States and  
Austra l ia ,  as opposed to  Europe . The  research 
resu lted in  a subsidence pred iction method with a 
new approach to the prediction of ground  stra in . 
The paper a lso describes the effects of su bsidence 
on various commonly occu rri ng surface structu res 
such as roads, overland conveyor belts, p ipe l ines 
and power pylons .  It is concluded that whi le  most 
structu res are not specifical ly designed to accom­
modate min ing  induced displacements,  they can 
nonetheless be undermined safely and economica l ly 
with on ly minor precautions .  
Keyword (s) : active mines,  coa l  m in ing ,  
prediction ,  horizontal d isplacement, roads, 
p ipel ines, su rface structu ral damage, vertica l  
d isplacement, agricu ltu re, longwa l l ,  p i l l ar  extraction , 
uti l ities 
Location {s) : South Africa 
van der Merwe, J .  N. The Pred iction of S u bsidence 
in the Secunda and Saso lburg Areas . I N :  CO MA: 
Proceed ings of Symposiu m  on Construction Over 
Mined Areas, Pretoria, May 1 992,  South African 
I nstitution of Civi l  Eng ineers, Republ ic of South 
Africa, p .  8 1 -85 . 
The paper presents and empir ica l ly derived two­
dimensional  su bsidence pred iction method for the 
Sasolburg and Secu nda areas in  the Republ ic of 
South Africa . Although it is based on data obta ined 
from an area that is smal l  relative to the combined 
total coal fields of the country, more than  70% of 
a l l  the underground h igh -extraction coal m in ing  i n  
t he  cou ntry is done there . A un ique  approach, 
tak ing cogn izance of the noncontinuous  i nelastic 
natu re of the overburden and the role of the soi l 
cover to the prediction of stra in  is presented . 
Keyword (s) : empirical model,  predict ion,  coal  
m in ing ,  active m ines, geologic features, overbu rden 
Location (s) : South Africa 
van der Merwe, J. N. The Effects of S u bsidence on 
a Bu ried Water Pipe Line .  I N :  CO MA: Proceed ings 
of Sympos ium on Construction Over M ined Areas, 
Pretoria ,  May 1 992 ,  South African I nstitution of 
Civi l Eng ineers, Republ ic of South Africa, p. 
1 57- 1 62 .  
The paper describes the effects of subsidence 
of just less than 1 meter on a 1 .  1 -m d iameter ma in  
water su pply p ipe l ine .  The p ipe  was in  u se duri ng  
the  undermin ing . The  p ipe  was bu ried to  a depth of 
390 
2 to 3 meters and was not uncovered prior to 
m in i ng .  Although  the p ipe was not functiona l ly 
damaged, the b itu men insu lation arou nd the p ipe 
suffered s l ight damage.  It is thought that the 
sheari ng  action of the grou nd aga inst the pipe 
contributed to the damage, confi rming the prudence 
of u ncoverin g  pipes of th is nature prior to 
u ndermin ing . 
Keyword (s) : p ipe l ines, ut i l it ies, longwal l ,  active 
m ines,  coal  m in ing  
Location (s) : South Africa 
van der Merwe, J .  N .  The Effects of Subsidence on 
an Overland Conveyor Belt. I N :  COMA :  Proceedings 
of Sympos ium on Construction Over M ined Areas, 
Pretoria , May 1 992 ,  South African I nstitution of 
Civi l  Eng ineers, Republ ic of South Africa, p .  
1 65- 1 7 1 . 
The paper describes the effects of subsi­
dences of more th an 1 meter on an overland coal­
transporting  conveyor belt .  Apart from cutting  the 
bolts that held the conveyor structure to its foun­
dation blocks, no precautions were considered 
necessary .  Free ing the structure from the ground 
su rface a l lowed h orizontal d isp lacement of  the 
ground without misa l ign ing  the belt structu re . 
The structure had suffic ient flexib i l ity not to be 
damaged by vertica l  d isplacement, and yet 
sufficient rig id ity in the transverse d i rection to 
maintain itself in a stra ight l i ne .  The operation of 
the conveyor was never d isru pted by subsidence . 
Fol lowing  the experiments, a nu mber of routine  
u ndermin ings of  a s imi lar  nature were done ,  a l l  with 
positive resu lts . 
Keyword {s} : coal m in ing ,  longwal l ,  active 
mines ,  h orizonta l d isplacement, su rface structu ral 
damage, structural m itigation,  engineering ,  
mon itoring  methods 
Location (s) : South Africa 
van der Merwe, J. N .  Hand l ing the Effects of 
S u bsidence on Structu res : A Comparison of the 
Approaches Adopted in  the U .S .A . ,  Austra l ia and 
South Africa .  I N :  CO MA: Proceed ings of 
Symposiu m  on Construction Over M ined Areas, 
Pretor ia,  May 1 992 ,  South African Institution of 
Civi l  Eng ineers, Republ ic of South Africa, p .  
272-276 .  
The d ifferent needs, legislative styles, and  
genera l  condit ions requ i re d ifferent meth ods of 
h and l ing  the effects of su bsidence on surface 
structures . The paper compares the approaches in 
selected states of the Un ited States and Austra l ia 
to that in South Africa . Th e U . S .  approach tends to 
be more commercia l ized than the others, wh i le  the 
Austra l ian approach is more regu larized . I n  South 
Africa , the emphasis is on legis lation and private 
negotiation between individua l  m ine  and  surface 
owners . In the l ight of knowledge that has recently 
become avai lable in South Africa, the opportun ity is 
now there to obta in  benefit from a more orderly 
approach based on jo int p la n n in g  and cooperation . 
Keyword (s} :  law, surface structura l  damage, 
coal  min ing,  room-and-pi l lar ,  longwal l ,  government, 
mitigation , insurance . 
Location (s} : Un ited States, Austra l i a ,  South 
Africa, I l l i nois,  Pen nsylvan ia ,  Maryland 
van der Merwe, J .  N.  The Effects of S u bs idence on 
Structu res in  the USA and Austra l i a .  I N :  COMA: 
Proceedings of  Symposiu m  on Construction Over 
Mined Areas, Pretoria, May 1 992 ,  South African 
I nstitution of Civi l  Eng ineers, Republ ic of South 
Africa, p .  278-28 1 .  
As subsidence elements in  Austra l ia ,  the Un ited 
States, and South Africa tend  to be largely s im i la r, 
benefit may be derived from comparing  the effects 
of subsidence on surface structu res in those 
cou ntries . The paper provides a summary of some 
descriptions of those effects, and su ppl i�? the 
gu idel ines developed abroad for situations where 
none exist in South Africa yet . I t  is  concluded that 
the phenomenon and magn itudes of su bsidence 
related effects on structures are n ot u n ique  to 
South Africa and that fi rst order projections of 
those effects for fi rst off u n derm in ings of structu res 
in South Africa can be based on examples in the 
Un ited States and Austra l i a .  
Keyword (s) : surface structu ral damage, coa l 
m in ing ,  p ipel ines, roads, uti l it ies, structura l 
m itigation 
Location (s} : South Africa, Un ited States, 
Austra l ia  
Van der Molen, W .  H.  Subsidence of Peat Soi ls  
After Dra inage .  Studies and Reports in  Hydrology, 
IAHS-UNESCO, no .  1 9 , 1 975,  p. 1 83- 1 86 .  
Keyword (s) : f lu id extraction,  soi ls 
Van Di l len , D .  E .  Three-Dimensiona l  F in ite E lement 
Analyses of S ing le- and Double-Entry Portions of 
Sunnyside Mine No .  1 .  Report No. R-7638-4534 to 
U .S . Bureau of Mines,  October, 1 978 ,  275 p .  
Keyword (s} : fi n ite element, model i ng ,  coal 
m in ing  
Location (s) : Un ited States 
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Van D i l len ,  D .  E . ,  K. C .  Ko, F .  M .  Jenkins,  W .  J .  
Karwoski . Stab i l ity Comparisons of Longwa l l  Panel  
Entries Us ing F in ite E lement Analysis . I N :  Rock 
Mechan ics :  A State of the Art, Proceedings 2 1 st 
U . S .  Rock Mechan ics Symposium,  May 28-30, 
1 980, D .A .  S u mmers, ed . ,  Un iversity of Missouri at 
Rol la ,  p. 1 -8 .  
Seven configurations for panel  entries of a 
longwal l  coal m ine are compared and ran ked 
accord ing  to structu ra l stabi l ity . These entry con­
figu rations a re ana lyzed using th ree-dimensiona l  
f in ite e lement model ing . The  models inc lude large 
d imensions to m in im ize bou ndary effects, e lasto­
p lastic constitutive relations,  and s imu lated excava­
tion and  construction of support systems . The 
stab i l ity criteria are formu lated in  a quantitative 
man ner to faci l itate the ran king  of the entry config­
u rations .  These criteria a re based on the expected 
volume of caved rock in the entry open ings .  The 
stabi l ity ran king  is appl ied to the entry excavation 
phase, the h eadgate phase, and the ta i lgate phase 
of the entry l ife cycle .  Parametric variations are 
appl ied us ing  two-dimensional  .fi n ite element models 
to determine the sensitivity to changes in  m in ing  
and  des ign  parameters . 
Keyword (s} : fin ite element, longwal l ,  model ing ,  
coa l  m in i ng ,  m ine  design ,  rock mechan ics 
Location (s} : Un ited States 
Van Dorpe, ·P .  Classification of Coa l M ine  
Su bsidence i n  I owa . I N :  Association of  Eng ineering  
Geologists Sympos ium Series No .  4, Bu i ld i ng  Over 
Underground  M ines--Su bsidence Considerations,  
October, 1 987 ,  p .  83-94. 
In I owa, su bsidence above abandoned coal  
m ines is  wel l  docu mented, but not wel l  stud ied in 
terms of geologic control . Su bsidence poses a 
s ign ificant th reat to several commun ities, most 
notably, Des Moines,  as wel l  as ru ra l  areas . 
S u bsurface geology and min ing  information are 
u sua l ly i nadequate to document either causal  
relationsh ips or physical  conditions .  Nevertheless, 
several su bsidence inc idents can be c lassified on 
the basis of surface morphology and geologic 
contro l .  
Keyword (s} :  coal m in i ng ,  abandoned mines, 
geolog ic  features , room-and-pi l lar  
Location (s } :  I owa, Un ited States 
Van Dorpe, P. E . ,  M .  R .  Howes, M .  J .  M i l ler, S. J .  
Lenker. Underground M ines and Related Su bsidence 
Potentia l ,  What Cheer, I owa . Iowa Geological 
S u rvey O F R  84-3 , 1 9 84, Iowa City, IA . 
Nu merous su bsidence events above 
underground mines have been reported in I owa . 
This report was prepared from extant coa l m ine  
information to  assist in  eva luation of  subsidence 
events and to serve as a research base . 
Keyword (s) : h istorica l ,  room-and-pi l lar,  
longwa l l ,  surface structu ral damage, agricu lture, 
abandoned mines 
Location (s) : Iowa, Un ited States 
Van Dyke, M .  Placing F ly Ash in the G round  Water 
Table . I N :  Proceed ings Nationa l  Sympos ium and 
Workshops on Abandoned Mine Land  Reclamation·, 
Bismarck, N D, May 2 1 -22,  1 984, L . L .  Sch loesser, 
et a l . ,  eds . ,  North Dakota Pu bl ic Service 
Commission and the Un ivers ity of North Dakota , p .  
343-375 .  
The possible use  of  fly ash ,  from a c ity-owned 
power plant, for subsidence control in  Colorado 
Springs is d iscussed . A concern at the outset of the 
project was potentia l  impact on water qua l ity 
resu lt ing from introduc ing th is materia l  as backfi l l  
i nto flooded mine voids . 
Keyword (s ) : coal m in ing ,  backfi l l i ng ,  subsurface 
water, environ ment, model i ng ,  abandoned m ines 
Location (s) : Colorado, Rocky Mounta in  Coa l 
Region , Un ited States 
Van Dyke, M .  W. G ravel Bu lkheads for Confi n ing  
Hydrau l ic Backfi l l i ng  of  Abandoned Underg round  
Coa l Mines .  Preprint 85-363, S M E-AI M E  Fa l l  
meeting,  Albuquerque, N M, October 1 6- 1 8 , 1 985 ,  
2 p .  
Keyword (s) : coal m in i ng ,  abandoned mines, 
hydrau l ic backfi l l i ng  
Van Eeckhout, E .  M.  The Mechan isms of  Strength 
Reduction Due to Moistu re in Coal M ine  Sha les . 
I nternationa l  Jou rna l  of Rock Mechan ics and M in i ng  
Sciences & Geomech an ics Abstracts, v .  1 3 , 1 976,  
p .  6 1 -67 .  
Keyword (s) : rock mechan ics, roof stabi l ity, coal 
min ing 
Van Heerden , W.  L .  Stress Measu rements in  Coal  
P i l lars .  I N :  Proceed ings, 2nd I nternationa l  Cong ress 
on Rock Mechan ics, 1 970, Paper No. 4- 1 6, 5 p .  
Keyword (s) : p i l lar  strength , ground contro l ,  rock 
mech an ics, coal min ing 
Van Heerden , W .  L. I n -S itu Determination of  
Complete Stress-Stra in Characteristics for  1 .4  M 
Square Coal Specimens with Width to Height Ratios 
of Up to 3 .4. South Africa Cou nci l  for Scientific and 
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I ndustria l  Research ,  Research Report No .  M E  1 265, 
1 975,  30  p .  
Keyword (s) : p i l l ar  strength , rock mechan ics,  
g round  control ,  in situ testing ,  coa l m in ing · 
Location (s) : South Africa 
Van l mpe, W. F . ,  P. Menge, W. Wolski . Stab i l i z ing 
Cana l  Dikes in  a Mine S u bsidence Urban Area . I N :  
Proceedings 9th Dan u be-European Conference on 
Soi l  Mechan ics and Foundation Eng ineering,  
Budapest, October 2-5,  1 990, p .  383-38 9 .  
M in i ng  related su bsidence of up  to 7meters i n  
E isden , Belg i u m ,  was cou ntered by stepwise 
lengthen ing of the d ikes of the cana l  cross ing the 
city .  There were doubts about the stabi l ity of the 
heterogeneous slopes . The geotech n ical charac­
teristics of the ban ks were examined by vane  shear 
and C PTs, samples taken for laboratory testing ,  and 
pore pressu res mon itored to investigate seepage 
flow. Stabi l ity ana lysis was carried out by the 
Bishop method . Geometrical changes are not 
poss ible, so remedia l  measures of soi l  na i l i ng  p lus  
gravel column  dra ins were insta l led in  some cross 
sections of the d ike to reach the requ i red safety 
condition s .  
Keyword (s) : surface water, geotechn ica l ,  lab 
testing ,  soi ls ,  su rface su bsidence damage, 
abandoned mines 
Location (s) : Belg i um 
Van  Roosendaa l ,  D .  J . ,  D .  F .  Brutcher, B .  B .  
Meh nert, J .  T .  Kel leher, R .  A .  Bauer .  Overbu rden 
Deformation and Hydrologic Changes Due to 
Longwal l  M ine  Su bsidence in  I l l i nois .  I N :  
Proceedi ngs, 3 rd Conference o n  G round Control 
Problems in  the I l l i nois Coal Bas in ,  Mt. Vern on,  I L, 
August 8- 1 0,  1 990, Y. P .  Ch ugh ,  ed . ,  Southern 
I l l i no is  Un ivers ity, Carbondale,  p. 73-8 2 .  
S u bsidence-induced deformation a n d  hydrologic 
changes were stud ied at two active longwal l  coal 
m ines in  I l l i no is .  S ite 1 ,  a 725-foot-deep longwa l l  
operation i n  south -centra l I l l ino is, was characterized 
before and after su bsidence by core dri l l i ng ,  
geophysical  logg ing ,  subsidence su rveying ,  
geotechn ica l  mon itoring ,  and hydrological testing . 
Resu lts from surveying and geotechn ical mon itoring  
d u ri ng  subsidence are presented . Su rface sub­
s idence characteristics measu red at both sites fa l l  
into a ran ge common to other I l l i nois longwall 
operations .  
Keyword (s) :  overbu rden , hydrology, coa l 
m in i ng ,  i nstru mentation , mon itoring methods, 
mon itorin g  equ i pment, subsurface water, longwall ,  
active mines,  ang le of draw, geologic featu res, 
geotechn ical ,  in  situ testing ,  lab testin g  
Location (s) : I l l i nois, I l l ino is  Coal Bas in ,  Un ited 
States 
Van Roosendaal ,  D. J . ,  B. B. Meh nert, J .  T .  
Kel leher, C .  E .  Ovan ic .  Th ree-Dimensiona l  G round 
Movements Associated with Longwal l  M ine  S ub­
sidence in I l l i no is .  I N :  Proceedings,  Association 
of Eng ineering  G eologists 34th An n ua l  Meeting ,  
Ch icago, I L, September 2 9-0ctober 4, 1 99 1 ,  p .  
8 1 5-826 .  
Th is study documents the complex, transient 
ground d isplacements and stra ins associated with 
dynamic subsidence above an active longwal l  
operation in  southern I l l i nois . Du ri ng  active 
subsidence, the most complex surface movements 
take place near the side of the panel  where the 
static tensi le zone develops after the passage of a 
dynamic subsidence wave. At th is location , the 
ratio of horizonta l  to vertica l  measurements is at a 
maximu m .  To document these complex move­
ments, survey monuments were i nsta l led in  a 4 by 
4 grid over the tension zone and a lso a long the 
centerl i ne  of  a longwal l  pane l .  Horizontal and 
vertical movements were mon itored at frequent 
interva ls as the mine face advanced u n der the 
instruments .  
Keyword(s) : horizontal d isplacement, vertical 
d isplacement, coal m in ing ,  active m ines, longwal l ,  
mon itoring methods, monitoring  equ ipment, 
mon itoring design ,  survey data process ing ,  survey 
methods, instru mentation,  overburden 
Location (s) : I l l inois,  I l l i nois Coal Bas in ,  Un ited 
States 
Van Roosendaal ,  D. J . ,  P. J .  Carpenter, B. 8 .  
Meh nert, M . A.  Joh nston,  J .  T.  Kel leher .  Lon gwal l  
M ine  Subsidence of  Farm land in Southern I l l i no is :  
Near-surface Fractur ing and Associated Hydro­
geological Effects . I N :  Proceedings Nationa l  
Symposium on Prime Farmland Reclamation ,  1 992 ,  
R . E . Dunker, R . I .  Barn h isel and  R .G .  Darmody, eds . ,  
Department of Agronomy, Un iversity of  I l l i no is ,  
Urbana,  p .  1 47- 1 58 .  
The I l l i no is M ine  S u bsidence Research Program 
coord inated a study to document near-su rface 
fractur ing and hydrogeological  .changes caused by 
subsidence above an active longwa l l  coa l m ine in 
southern I l l i no is .  Seismic refraction ,  e lectrical  
resistivity, d isplacement measurements, and 
resistivity soundings were used i n  the mon itoring  
progra m .  
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Keyword (s) :  se ismic,  mon itoring methods, 
active m ines, coal m in i ng ,  longwal l ,  subsurface 
water, hydrology, geophysical 
Location (s) : I l l i nois,  I l l ino is Coa l Bas in ,  Un ited 
States 
Van Roosendaa l ,  D. J . ,  B. B. Mehnert, R. A. Bauer .  
Three-Dimens iona l  G round Movements During  
Dynamic S ubsidence of  a Longwall  M ine  in  I l l i no is .  
I N :  Proceed ings Th i rd Workshop on Surface 
S u bsidence Due  to Underground  M in ing ,  June  1 -4, 
1 99 2 ,  S . S .  Peng ,  ed . ,  Morgantown , WV, p .  
2 90-2 9 8 .  
A closely spaced grid o f  survey points was 
insta l led over the tens i le  zone of a longwal l  panel i n  
south ern I l l i no is and  mon itored da i ly du ri ng  
subsidence to  docu ment the complex g round­
su rface movements associated with dynamic 
subsidence .  Vertical and horizonta l  d isplacements 
were u sed to calcu late maximum ti lts and princ ipa l  
stra i ns  with i n  the gri d .  The dynamic nature of 
s u bs idence is ·made evident by changes in both the 
d i rection and magn itude of maximum ti lts and 
pr inc ipa l  stra i ns .  
Keyword (s } : horizonta l  d isplacement, vertica l 
d isplacement, longwal l ,  instru mentation, mon itoring  
methods, mon itoring  equ ipment, active mines, coal 
m in i ng ,  overbu rden 
Location (s) : I l l i nois,  I l l i no is  Coal Bas in ,  Un ited 
States 
Van Voast, W. A . ,  R .  B. Hedges . Hydrogeologic 
Cond itions  and Projections Related to M in ing  n ear  
Colstr ip ,  Southeastern Montana .  Montana Bureau of 
M ines and  Geology, Brl l ings,  1 975 .  
Keyword (s} : hydrology, coa l m in ing  
Location (s) : Montana ,  Un ited States 
Vandale,  A. E .  Su bsidence--A Real or I maginary 
Prob lem? M in i ng  Eng ineering ,  v .  1 9, no .  9 ,  
February, 1 967 ,  p .  8 6-88 . 
This a rticle presents a brief h istory of coal 
m in ing  and surface protection in the Pittsburgh,  
Pen nsylvan ia ,  area . Some of the regu lations 
covering  surface protection are inc luded . 
Keyword (s) : h istorica l ,  law, coal m in ing  
Location (s) : Pen nsylvan ia ,  Appalachian Coal 
Region , Un ited States 
Vanderwilt, J .  W. G round Movement Adjacent to a 
Caving Block in the C l imax Molybden u m  Mine .  
Transactions,  A I M E, v .  1 8 1 ,  1 949, p .  3 60-370.  
Varlash kin ,  V. M .  Dopustimye Deformatsi i  Zemnoi  
Poverkhnosti Pr i  Razrabotke Ugol  1 Nykh Plastov Pod 
G razhdanskimi  Zdan iyam i  ( Permissible Deformations 
of Land Su rface During Working of Coal Seams 
Under Civ i l  Bu i ld ings ) .  l zvestiya Vyssh i kh 
Uchebnykh Zaveden ij Gornyj Zh u rna l ,  no .  8 ,  1 975 ,  
p .  39-43 . 
Keyword (s) : surface structu ra l damage,  
govern ment, engineering ,  coa l m in ing  
Location (s) : Soviet Un ion 
Var lashk in ,  V .  M. Eva luation of the F lexu ra l R ig id ity 
of Bu i ld ings in the Case of Differential  Settlements 
of Fou ndation Beds Above Mines .  Soi l  M echan ics & 
Foundation Engineering ,  U .S .S . R . ,  v .  1 2, n o .  3 ,  
May/June, 1 975,  p .  1 7 1 - 1 73 .  
Keyword (s ) :  su rface structu ral damage, 
eng ineering ,  overbu rden , foundations 
Location (s) : Soviet Union 
Vega,  G .  E .  F .  Subsidence of the City of Mexico : A 
Historical Review. I N : ·  Proceedings, 2nd I nter­
nationa l  Symposium on Land S u bsidence, Anahe im,  
CA, December 1 3- 1 7, 1 976,  Internationa l  Associa­
tion of Hydrological  Sciences, Pu bl ication No. 1 2 1 ,  
Wash ington,  D . C . ,  1 977,  p .  35-3 8 .  
Keyword (s) : h i storica l ,  surface subsidence 
damage 
Veith , D. L. M ined Land Subsidence I m pacts on 
Farmland With Potentia l  Appl ication to I l l i nois : A 
Literature Review. U . S .  Bu reau of Mines IC  9 1 24, 
1 9 87 ,  1 6  p .  
This report su mmarizes a US BM review of 
selected l iteratu re on the effects of subsidence due  
to h igh-extraction undergrou nd coal m in i ng  on  
fa rmland areas.  The  data are presented for 
consideration in  eva l uating the subsidence effects 
due to s imi lar  m in ing  techn iques on the pr ime 
farm land areas of I l l i no is .  
Keyword (s) : agricu lture, su rface subsidence 
damage, l iteratu re search , subsurface water, 
surface water, soils, land mitigation,  room-and­
p i l l a r, longwal l ,  pred iction,  coa l m in ing  
Location (s) : I l l i nois, I l l inois Coa l  Basin ,  
Pen nsylvan ia,  Appalach ian Coa l  Region , United 
States 
Vervoort, A. I n it ial Roof Movement Duri ng  the 
Development of Room and Pi l la r Sections .  I N :  
Computer Methods and Advances i n  G eomechan ics, 
Proceed ings 7th I nternationa l  Conference,  Cairns  
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OLD Austra l i a ,  May 6- 1 0, 1 99 1 , G .  Beer, J . R .  
Booker, and J . P . Carter, eds . ,  v .  2 ,  Ba lkema,  
Rotterdam,  p .  1 3 93- 1 39 8 .  
Keyword (s) :  roof stabi l ity, room-and-pi l lar ,  coa l  
m in i ng ,  active mines, com puter 
Vervoort, A . ,  B .  Jack . Room and P i l l a r  Strata 
Behaviour  Under Various Geological  Cond itions .  I N :  
Proceed ings I nternationa l  Con gress o n  Rock 
Mech an ics, Aachen , 1 99 1 ,  W. Wittke, ed . ,  v. 2, p .  
1 37 5- 1 380 .  
Accu rate underground measurements of  the 
roof deflection were conducted in  room-and-p i l l a r  
pane ls  duri ng  development and p i l la r  extraction , 
improving  the basic knowledge of roof behaviou r  i n  
coal  m ines .  The u n derground observations were 
s imulated us ing l inear  e lastic and non-e lastic 
models . These s imu lations ind icated the effect of 
chang ing  geological  cond it ions and  enabled the 
extrapolation of the underground measurements .  
Keyword (s) : room-and-p i l la r, coa l  m in ing ,  
mon itoring  methods, p i l l a r  extraction , roof stabi l ity, 
geologic featu res 
Location (s) : South Africa. 
Virg i n ia Polytech n ic I nstitute and State Un iversity. 
Pred iction of G round Movements Due to 
Underg round M in ing  in the Eastern Un ited States 
Coalfields Volume 2 .  Su rface Deformation 
Prediction System . User ' s  Manua l .  Department of 
M in i ng  and Minera ls Eng ineering ,  Blacksburg, VA, 
December, 1 987 ,  1 1 2 p .  (NTIS PB90- 1 48263 } 
The Su rface Deformation Prediction System 
(S OPS)  is  designed to provide the field eng ineer as 
well as the researcher with a deta i led, in-depth 
ana lysis of g round  deformations over u ndermined 
a reas us ing th ree d ifferent prediction methods .  For 
easy appl ication ,  appropriate computer programs 
h ave been developed based on th ree different 
n u merical  formu lations and a variety of g round 
deformation ind ices can  be computed . Presented 
are the basic concepts of the S OPS, the mon itor ing · 
program,  subsequent ana lysis of the field resu lts 
obta ined,  and the adaptation of the pred iction 
methods for m in i ng  and geological condit ions in  the 
eastern Un ited States . The use of the computer 
software developed for p red icting  g round 
deformations on the su rface is d iscussed . 
Keyword (s} : coal m in ing ,  prediction , computer, 
inf luence function , profi le  fu nction ,  zone a rea 
Location (s} : Appa lach ian Coa l Reg ion,  Un ited 
States 
VN I M I  (General I n stitute of M in ing  Su rveying )  The 
Movements of the Rock Masses and of the Su rface 
in the Main Coal Fields of the Soviet Un ion . 
Ug letekhjizdat, Moscow, 1 958 ,  2 50 p .  ( in  Russian ) .  
Keyword (s ) :  coal m in ing  
Location (s) : Soviet Union 
Voight, 8 . ,  W .  Pariseau .  The Natu re of Prediction in 
S u bsidence Eng ineering . ASCE Conference, New 
York, October 1 968 ,  Preprint 762, 42 p .  
Keyword (s ) :  prediction,  model ing ,  
phenomenological mode l ,  e lastic model , eng ineering 
Voight, 8. ,  A.  C .  Samuelson . On  the Appl ication of 
F in ite-Element Tech n iques to Problems Concern ing  
Potential  Distribution and Stress Analysis in  the  
Earth Science. Pure and Appl ied Geophysics, v .  75 ,  
no .  4 ,  1 969,  p .  1 57- 1 72 .  
Keyword (s) : f in ite element, model ing ,  
phenomenological model,  e lastic model 
Voight, 8.,  H. D. Dah l .  A Post-Yield 
Phenomenological Approach to Mine  Subsidence.  
I N :  Proceedings I nternationa l  Scientific Sympos ium 
on Mine Surveying ,  M in ing  Geology, and the 
Geometry of Mineral Deposits, August 26-30, 
1 969,  Prague,  Czechoslovakia,  Section I l l ,  
Conference Paper 1 1 1/3 , 1 2  p .  
Keyword (s) : model ing ,  phenomenological  model 
Voight, B., W. Pariseau . State of Pred ictive Art in 
Su bsidence Eng ineeri ng .  ASCE Journa l  Soi l  
Mechan ics & Foundations Divis ion , v .  96, no. S M 2 ,  
March,  1 970, p .  72 1 -750.  
Th is  paper gives a qua l itative review of  existin g  
approaches to subsidence pred iction;  specific 
sections deal with both empirical and phenomeno­
logical  methods . Also discussed are damage 
prediction and a l leviation,  with deta i ls on 
eng ineering design precautions and surface 
considerations .  
Keyword (s) : vertical d isplacement, horizontal 
d isplacement, surface structural damage, 
subsurface structural damage, mine design , 
prediction , model ing ,  empirical model,  
phenomenological model,  e lastic model,  ground 
contro l ,  prediction theories, mitigation 
Location (s ) :  Un ited States 
Voight, B . ,  N .  Orkan , K.  Youn g .  Deformation and 
Fai l u re-Time Prediction in Rock Mechan ics . IN :  Rock 
Mechan ics as a G u ide for Efficient Uti l i zation of 
Natural Resou rces, Proceed ings 30th U .S .  
3 9 5  
Sympos ium,  1 98 9 ,  A.W . Khair, ed . ,  Ba lkema, 
Rotterdam,  p .  9 1 9-929 . 
The pu rposes of th is paper are to ( 1 }  develop 
the properties of a d ifferential  equation in  order to 
describe materia l  behavior du ring creep and some 
cases of cycl ic load ing,  (2) develop equations to 
cou ple rate changes of various phenomena to the 
time of fai lu re,  (3 )  d iscuss alternative ana lytical and 
graph ica l  procedu res and criteria for fa i l u re 
pred iction ,  and  (4) demonstrate use of the method 
in rock mechan ics by practical examples . 
Keyword(s ) : rock mechan ics, pred iction , roof 
stabi l ity, bu mps, coa l m in ing ,  tu nnel l ing 
Von Schonfeldt, H . ,  F .  D .  Wright, K. F .  Unrug . 
Su bsidence and I ts Effect on Longwal l  M ine Design .  
M in i ng  Congress Journa l ,  v .  66, n o .  5 ,  1 980, p .  
4 1 -45, 5 3 ;  a lso presented a t  the Annua l  AMC Coal 
Convention ,  St .  Lou is ,  MO,  1 979 ,  May 20-23 . 
Th is paper examines the characteristics of 
subsidence resu ltin g  from longwal l  extractions .  
From 1 969  to 1 97 9 ,  longwal l  m in ing  in  the Un ited 
States expanded from about 1 3  faces to more than 
7 5 .  The main  advantage of longwal l  min ing,  wh ich 
is  h igh  extraction even at great depth , a lso can 
cau se s ig n if icant surface movements . New 
regu lations in  the Un ited States covering coa l­
m in i ng  subsidence and reclamation operations 
requ i re the mine operator to take certa in  steps in  
m ine  design . S pecific sections qua l itatively discuss 
the caving of strata , the effect of panel width and 
depth on settlement, and considerations govern ing 
panel  design . 
Keyword (s ) :  m ine  des ign,  mon itoring desig n ,  
mon itorin g  insta l lation , mon itor ing equ ipment, 
longwa l l ,  economics, coal m in ing ,  model ing,  
p rediction , roof stabi l i ty, Nationa l  Coal Board , 
su rvey design ,  law 
Location (s) : Eu rope, Soviet Un ion,  South Africa , 
Un ited States, I l l i no is Coal Bas in ,  West Virg in ia ,  
V i rg in i a ,  Poland 
Vongpaisa l ,  S .  Prediction of  Subsidence Result ing 
from Min ing  Operations .  Ph . D .  Thesis, McG i l l  
Un ivers ity, Montrea l ,  1 973 .  
Keyword (s) : prediction 
Vong paisa l ,  S . ,  D .  F. Coates . Analysis of 
Su bsidence from I nc l ined Workings.  I N :  Proceed ings 
1 0th Canadian Rock Mechan ics Symposium,  
Kin gston ,  September 2-4, 1 975,  Queen 's  
Un iversity, v .  1 ,  p .  1 8 1 -2 0 1 . 
The studies described in th is paper ind icate 
that for d ipp ing orebodies, the pattern of su rface 
settlement is s imi lar  to that caused by m in ing  
horizonta l seams with the · poss ib le exception that 
some heaving may occur  on the rise side . Any 
heaving  that might occur  over a steeply d ipp ing  
orebody wi l l  increase greatly with an increase in 
length down-d ip  or with a decrease i n  width of the 
crown p i l l a r  above the open ing .  Horizontal move­
ment and stra in  on the su rface a lso h ave patterns 
that are simi lar to those for flat- ly ing seams . Two 
mine cases ind icate that i n it ia l  movement and  i n it ia l  
cracking  are predictable using a relatively s imp le  
model, wh ich shou ld provide usefu l gu idance for 
mine p lann ing . 
Keyword (s) :  vertical d isp lacement, hor izonta l 
d isp lacement, · f in ite element, model i ng ,  m ine  
design ,  meta l m in ing  
Vormberge, G .  Working-Out a Seam in  the S haft 
Safety Pi l lar  of a Pit Under Exceptiona l ly Difficu lt 
Operating Cond itions .  I nternationa l  Strata Contro l 
Congress , Essen,  West Germany, 1 95 6 .  
Keyword (s) : m i n e  operation,  p i l l a r  extraction , 
room-and-pi l lar  
Vorster, G .  J .  P .  Contractua l  Aspects to be 
Addressed in  the Appl ication of H igh Extraction 
Underground Coa l M in ing  Methods Resu lti ng  in  
Surface Ground Movement. I N :  Proceedi ngs, 
SANGORM Symposium,  October 2 1 ,  1 98 6, 
Sandton ,  South Africa, I nternationa l  Society for 
Rock Mechan ics, South African Nation a l  G roup ,  p .  
1 5 1 - 1 55 .  
Research into the effects of h igh -extraction 
m in ing  on the land surface and structu res is  ga in ing 
momentu m but  considerable research is sti l l  
396 
requ i red to bridge the information gap. Negotiating  
min ing and other contracts related to h igh -extrac­
tion m in i ng  u nder structu res and land su rfaces is a 
sou nd method of preventing problems in a f ield 
where many obstacles and p itfa l ls preva i l . 
Keyword (s) : law, su rface structu ra l  damage, 
h igh -extraction retreat, longwa l l ,  p i l la r  extraction , 
coal m in i ng  
Location (s) : South Africa 
Vos, G . ,  F. A. M. Claessen ,  J. H. G .  van Ommen . 
G eohydrolog ica l  Compensatory Measures to Prevent 
Land  Su bsidence as a Resu lt of the Reclamation of 
the Markerwaard Paider in the Netherlands .  I N :  
Land  S u bsidence, Proceedings 3 rd I nternationa l  
Symposium,  Ven ice, I ta ly, March 1 9-25,  1 984, A . I .  
Johnson , L .  Carbogn i n ,  and L .  Ubertin i ,  eds . ,  I nter­
nationa l  Association of Hydrological  Sciences 
Pu b l ication No .  1 5 1 ,  1 986,  p. 9 1 5-928 . 
If the Markerwaard polder is recla imed the 
water level  wi l l  fa l l  5 to 6 meters over an  area of 
4 1 0 square km . This wi l l  cause a drawdown of the 
piezometric levels in the Pleistocene aqu ifers 
u nderneath the eastern part of the province of 
North Ho l lan d .  The spatia l  pattern of these 
d rawdowns i s  ca lcu lated by a f in ite element 
groundwater model . Without cou ntermeasu res to 
compensate for the depletion of the piezometric 
leve l ,  sett lement of the compressib le Holocene clay 
and peat deposits wi l l  occu r  and resu ltant land 
subsidence may cause damage to bu i ld ings and 
i nfrastructures . 
Keyword (s) :  f lu id extraction ,  fi n ite e lement, 
geologic featu res, surface su bsidence damage 
Location (s) : Nether lands 
Wade, L. V . ,  P. J .  Conroy . Rock Mechan ics Study 
of a Longwal l  Panel . S M E  Fa l l  Meeting ,  St .  Lou is,  
MO,  1 977,  Preprint No. 77- 1 -39 1 .  
This paper summarizes the resu lts of the rock 
mechan ics mon itoring program performed as part of 
Old Ben Coa l Company 's  longwal l  coa l-m in ing  
demonstration project conducted i n  cooperation 
with the USBM . The work described herein  inc luded 
instal lation of instru ments, col lection of data ,  and 
data ana lys is performed du r ing m in ing  of  the  fi rst 
longwa l l  panel in mine no .  24.  The rock mechan ics 
mon itoring program included both surface and 
underground instru mentation . 
Keyword (s) : rock mechan ics ,  longwal l ,  
instrumentation , coa l  m in ing ,  mon itoring methods, 
mine design ,  active m ines 
Location (s) : I l l i nois,  I l l i nois Coa l Bas in ,  Un ited 
States 
Wade, L .  V . ,  P. J .  Con roy . Rock Mechan ics Study 
of Old Ben Longwa l l  Panel  No . 1 .  I N :  Proceedings,  
I l l i nois M in ing  I nstitute An nua l  Meeting ,  Springfield , 
October 1 3- 1 4, 1 977 ,  p .  6 1 -7 9 .  
This paper summarizes the resu lts o f  t h e  rock 
mechan ics monitoring program performed as part of 
the Old Ben Coal Company ' s  longwa l l  coal m in i ng  
demonstration project conducted in  cooperation 
with the USBM . The work described inc luded 
insta l lation of instruments, col lection of data, and 
data ana lysis performed d u ring m in i ng  of  the  f i rst 
longwal l  panel in mine no .  24 .  The rock mechan ics 
monitoring  program included both surface and 
underg round instrumentation . 
Keyword (s) :  longwal l ,  i nstrumentation ,  coa l 
m in ing ,  mon itoring  equ ipment, mon itori ng  methods, 
su rvey data processing, rock mechan ics 
Location (s) :  I l l inois,  I l l ino is Coal Basin , Un ited 
States 
Wade, L. V . ,  P. J .  Con roy . Rock Mechan ics Study 
of a Longwal l  Panel . M in ing  Eng ineering ,  v .  32 ,  n o .  
1 2, 1 980, p .  1 728- 1 734.  
Old Ben Coal  Company successfu l ly completed 
the fi rst longwal l  panel in I l l i no is .  The panel  was 
mined us ing sh ield supports and was part of a 
cooperative agreement with the US BM . Th is paper 
describes the rock mechan ics studies performed to 
mon itor the performance of the supports, the stress 
changes in the coa l and floor, convergence i n  
entries, and caving  mechan ism of  the  roof . From 
th is study, maximum support loads were obtained 
as wel l as the stress d istribution in  the pane l ,  floor, 
and adjacent p i l lars .  
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Keyword (s) : rock mechan ics, longwal l ,  coa l 
m in i ng ,  mon itor ing methods, mon itor ing equ ipment, 
i nstru mentation , roof stabi l ity 
Location (s) : I l l i nois,  I l l ino is Coal Basin ,  Un ited 
States 
Wagner, C. B. A Report on Su bsidence Literatu re 
Su rvey, and  the Law on S u bjacent Su pport .  West 
Virg in i a  Un iversity Bu l letin ,  Series 42, no .  1 - 1 ,  J u ly 
1 94 1 , 60 p .  
Keyword (s ) : law, l iteratu re search 
Location (s) : Un ited States 
Wagner, H . , M . D .G . Sa lamon . Strata Control 
Tech n iques in Shafts and Large Excavations .  
Association of M ine  Managers of South Africa 
Papers and Discussions, v .  1 972- 1 973,  1 972 ,  p .  
1 23- 1 40 .  
Keyword (s ) :  g round  control 
Location (s) : South Africa 
Wagner, H .  Determ ination of the Complete Load 
Deformation Characteristics of Coal Pi l la rs .  I N :  
Proceed ings,  3rd I n ternationa l  Congress Rock 
Mechan ics, Denver, CO, 1 974, v .  1 1 -B, p .  
1 07 6- 1 08 2 .  
Keyword (s) : p i l l ar  strength , ground contro l ,  rock 
mechan ics, coal m in ing  
Wagner, H . ,  B .  J .  Madden . F ifteen Years Experience 
with the Design  of Coal P i l lars in  Sha l low South 
Africa Col l ieries : An Eva luation of the Performance 
of the Design Procedures and Recent 
I mprovements . I N :  Proceed ings,  I nternationa l  
Society for  Rock Mechan ics Symposiu m  on Design 
and Performance of Underg round Excavations,  
Cambridge, U . K. ,  September 3-6, 1 984, E .T.  Brown 
and J .A .  Hudson , eds . ,  British Geotech n ical 
Society, London . 
The p i l lar  design procedure employed in South 
African col l ieries is reviewed . A comparison of 
actua l  and pred icted pi l lar col lapses shows good 
agreement.  Th ree areas of improvement are 
identified . These concern the effects of reg ional  
d ifferences i n  coal  seam strength and method of 
m in ing  on p i l lar  design and  the strength of squat 
p i l lars .  Resu lts of recent research in the latter two 
areas are presented . It is shown that the use of 
conti nu ous  m iners enhances the strength of slender 
p i l lars .  The strength of squat p i l lars is under­
estimated by the p i l lar  strength formu la  in use in  
South African col l ieries . Extensions to the formu la ,  
which take these d ifferences into account, are 
proposed . 
Keyword (s) : coal m in ing ,  p i l lar  strength , rock 
mechan ics, mine design ,  room-and-p i l lar  
Location (s) : South Africa 
Wagner, H . ,  E . H . R .  Sch u mann .  The Effects of Total 
Coal Seam Extraction on the Su rface and S u rface 
Structu res . I N :  Col loqu ium on Recent M in ing  and 
Meta l l u rgical Developments in  the Eastern Trans­
vaa l ,  South Africa I nstitute Min ing  & Meta l lu rgy, 
Witban k, September 1 985;  a lso Chamber of M ines 
of South Africa Research Report 20/85,  1 98 5 .  
Keyword (s) : coa l m in ing ,  surface structural 
damage, active mines 
Location (s) : South Africa 
Wa ite, B. A. G round Water Mon itoring  of 
Underground Coal Mines .  M in ing  Eng ineeri ng ,  v .  
3 4 ,  1 9 8 2 I p ,  1 7 0- 1 7 1  • 
Keyword (s) : hydrology, subsurface water, 
mon itor ing design ,  coal m in ing ,  mon itoring  methods 
Walbert, M. S . ,  R.  J.  Sutherlan d .  Economic Model 
for Eva luat ing the Tradeoffs Between Coal M in i ng  
and Surface Subsidence . Report to  Department of 
Energy, Wash ington ,  D . C . ,  by Los Alamos Nationa l  
Laboratory, LA-9438-MS , May, 1 98 2 ,  65 p .  
Keyword (s) : coa l min ing,  economics 
Location (s) : Un ited States 
Wald, M .  L. Coa l Mine Robots Lift an I ndustry. The 
New York Times, February 8 ,  1 9 90, 3 p .  
This article describes a longwal l  operation i n  
West Virg i n ia . 
Keyword (s) : coal m in ing ,  longwa l l ,  active 
mines, mine operation 
Location (s) :  West Virg in ia ,  Appalach ian Coa l 
Region , Un ited States 
Walker, H .  C .  S PR Geotechn ica l  Program 
Pre l iminary Long-Term Mon itoring Plan . Sand ia  
Nation a l  Labs, August, 1 980, 27  p .  (NTIS 
SAND80- 1 750} 
Keyword (s) : geotechn ica l ,  instru mentation , 
mon itoring design ,  mon itoring methods 
Location (s ) :  Un ited States 
Walker, J .  S . ,  J .  B. Green , M .  A. Trevits . A Case 
Study of Water Level F luctuations Over a Series of 
Longwa l l  Pane ls in  the Northern Appa lach ian Coa l 
Region . I N :  Proceed ings, 2nd  Workshop on Su rface 
Su bs idence due to Undergrou nd M in i ng ,  Morgan­
town, WV, June 9- 1 1 ,  1 9 86,  S .S .  Peng ,  ed . ,  West 
Virg i n ia Un iversity, p. 264-269 .  
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The pu rpose of th is work was to provide 
deta i led information that could be used to pred ict 
certa in hydrologic effects of longwal l  m in i ng  in the 
Northern Appa lach ian Coal Region . Resu lts of th is 
case study ind icate that water level f luctuations in 
the local g roundwater system above longwa l l  
pane ls are associated with su bsidence and that the 
static water level wi l l  genera l ly re-establ ish at or  
near  the pre-m in ing  elevation after min ing i s  
completed . 
Keyword (s) : subsurface water, law, coa l 
m in i ng ,  longwa l l ,  hydrology, geologic featu res ,  
active m ines 
Location (s) : Pennsylvan ia,  Appa lach ian Coal  
Reg ion,  Un ited States 
Walker, J .  S . ,  J .  C. LaScola .. Foundation Response 
to Su bsidence I nduced G round Movements : A Case 
Study.  I N :  Proceedings,  Nationa l  Symposium on 
M in ing ,  Hydrology, Sed imentology, and Reclama­
tion , December 7- 1 1 ,  1 987 ,  S pringfield, I L, Un iver­
s ity of Kentucky, p .  235-24 1 . 
The pu rpose of th is USBM effort was to deter­
mine whether m in ing- induced grou nd movement is 
d i rectly transferred to a structu re and, if so, how 
th at process takes place.  A series of fou r  concrete 
block wa l ls with foundations were constructed and 
mon itored over an active longwa l l  pane l  as part of  a 
comprehensive su bsidence research program . 
Keyword (s) : su rface structu ra l damage, coal 
m in i ng ,  active mines, longwal l ,  mon itor ing methods, 
mon itoring equ ipment, foundations, pred iction 
Location (s} : West Virg in ia ,  Appalach ian Coal 
Region , Un ited States 
Walker, J .  S .  Case Study of the Effects of Longwa l l  
M in i ng  I nduced Su bsidence on Sha l low G round  
Water Sources in  the  Northern Appa lach ian 
Coalfield . U .S .  Bureau of Mines R I  9 1 98 ,  1 988 ,  
1 7  p .  
The US BM mon itored surface subsidence and  
water level fl uctuations i n  1 0  sha l low observat ion 
wel ls  above a series of fou r adjacent longwal l  
panels in  southwestern Pennsylvan ia for  about  4 
years . This study attempted to correlate the 
changes in  the water leve ls with in  the observation 
wells to the measu red vertical and horizonta l  
g rou nd  movements associated with subsidence . 
Resu lts of th i s  study ind icate th at th e fluctuation of 
the water levels appears to be a function of th e 
wel l  location relative to the m ine  layout and  the  
proxim ity of  m i n i n g .  Wel ls  are genera l ly un affected 
by m in i ng  of a preceding  pane l  u n l ess they are 
located with i n  the ang le  of draw for that pane l .  
Wel ls located at  the  centerl ine  of  a longwal l  pane l  
exh ibit the greatest f luctuation and head loss . N ine 
of the ten wel ls  investigated recovered to the i r  
premin ing  water level after min ing was completed . 
Keyword (s) :  longwal l ,  subsurface water, 
hydrology, coa l m in ing ,  mon itoring  methods, active 
mines 
Location (s) :  Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Walker, J .  S . ,  M . A .  Trevits, R .  D. M unson . 
Overview of the Bureau of M ines Research On  the 
Detection of Subsidence . I N :  Proceedings,  
Symposium on Evolution of Abandoned Mine  Land  
Technologies, R iverton,  WY, June  1 4- 1 6, 1 98 9 ,  p .  
36-5 5 .  
The US BM Abandoned Mine Land  S u bsidence 
Research Program addresses the problems of m ine  
void detection ,  the  chang ing condition of  the  m ine  
open ing ,  and the  development of  effective and  
efficient subsidence abatement tec h n iques .  Th is 
paper summarizes two current efforts to eval uate 
the chang ing condit ions of the m ine  open ing  us ing  
geophysical techn iques .  The research was con­
ducted at two f ie ld sites, in  Colorado and in  
Pen nsylvan ia . The objective of  th is  work was to 
develop an imminent subsidence detection system 
appl icable to abandoned mine  lands in all a reas of 
the cou ntry . 
Keyword (s ) :  su bsidence research , abandoned 
mines,  coal m in ing ,  anth racite, b itum inous,  over­
burden , subsurface water, seismic, mon itor ing 
methods, su rface structura l damage, geophysical 
Location (s } :  Colorado, Rocky Mountain Coa l 
Region , Pennsylvan ia ,  Appalach ian Coal Region,  
Un ited States 
Walker, J .  S . ,  J .  C. LaScola . Foundation Response 
to Su bsidence- Induced G round Movements : A Case 
Study. U .S .  Bu reau of M ines RI 9224, 1 989 ,  1 2  p .  
The pu rpose o f  th is effort was to determ ine 
whether ground movement caused by min ing­
induced su bsidence is d i rectly transferred to a 
structure and,  if so, how that transfer takes place . 
Four concrete block wal ls  with foundations were 
constructed and mon itored over an active longwal l  
panel . Three of  the  wa l ls were located perpen­
dicu lar  to the d irection of min ing in zones where 
maximum inc l ination , maximum tension , and 
maximum curvature were predicted to occur .  The 
fou rth wal l  was constructed a long the centerl i ne  of 
the panel ,  para l le l  to the d i rection of m in ing . All of 
the wal ls  and the surround ing ground surface were 
3 9 9  
i nstru mented with conventiona l  su rvey monitoring  
points and extensometer stations to  observe the 
vert ical  and horizontal movements . The fourth wal l  
i nstru mentation a lso included continuous ly 
record ing  t i ltmeters . The resu lts of th is investigation 
ind icate that these s imple structures respond to 
subsidence in a s imi lar  manner as the g round 
s u rface ; Th is i ndicates that  once the transfer 
mechan ism is more fu l ly defined, prediction models 
can be developed to accurately estimate the effect 
of m in i ng  on su rface structu res . 
Keyword (s) : fou ndations, coal m in ing ,  su rface 
structura l damage,  longwa l l ,  active mines,  
i nstru mentation , vertica l  d isplacement, horizontal 
d isp lacement, prediction,  model ing 
Location (s) : West Virg in ia ,  Appalach ian Coa l 
Region , Un ited States 
Walker, J .  S . ,  M . A .  Trevits . Development of an  
Early Warn.in g  System for  Detection of  Subsidence 
Over Abandoned Coal M ines .  I N :  Mine Subsidence -
Prediction and  Control, 33rd An nua l  Meeting of the 
Association of Eng ineering G eologists, October 2-3, 
1 99 0, C . D .  E l ifrits , ed . ,  P ittsburg h ,  PA, p .  39-49 . 
Su bsidence from abandoned underground 
m ines has  become an everyday concern of many 
citizens l iv ing  in  the coal-min ing reg ions of  the 
Un ited States . The problem of  su bsidence pre­
d iction is that it is  impossible to determine the 
location and tim ing  of mine open ing fai l u re .  I f  a 
system cou ld be developed that wou ld  warn of 
imminent  fa i l u re, in advance of surface man ifes­
tation ,  then subsidence abatement tech n iques could 
be implemented to m in imize property damage.  The 
USBM is eva luating  the components of an imminent 
su bsidence detection system at two locations in 
Pen nsylvan ia . The components under evaluation 
inc lude an active and passive seismic component as 
well as aeria l  photogrammetry . 
Keyword (s ) :  coa l m in ing ,  abandoned mines,  
mon itor ing methods, seismic, remote sens ing,  
ph'otography,  anth racite 
Location (s} : Pennsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Walker, J .  S . ,  M .  A. Trevits . Effects of Longwal l  
M in ing on S u rface Structures . I N :  Mine Subsidence 
- Pred iction and Control ,  Nationa l  Symposium,  33rd 
Ann ua l  Meeting ,  Association of Eng ineer ing 
G eologists, October 2-3 ,  1 990, C . D .  E l ifrits, ed . ,  
P ittsbu rg h ,  PA, p .  1 4 1 - 1 5 2 .  
F ive residentia l  structures spaced across a 
longwal l  pane l  were stud ied .  Measurements were 
made us ing  conventiona l  surveying and electron ic  
i nstru mentation to characterize the g rou nd  surface 
and the structu res in  advance of, dur ing ,  a n d  
subsequent t o  u nderm in i ng .  
Keyword (s ) :  surface structu ra l damage, 
longwal l ,  coa l m in i ng ,  mon itorin g  methods, 
i nstru mentation,  vertical d isplacement, horizontal 
displacement 
Location (s ) :  Pen nsylvan ia ,  Appalach ian  Coa l 
Reg ion,  Un ited States 
Walker, J .  S . ,  M . A .  Trevits . New Developments i n  
Remote Pneu matic Stowin g  Tech nology for 
Subsidence Abatement Over Abandoned Coal 
M ines .  I N :  Mine S u bsidence - Prediction  and 
Contro l ,  Nationa l  Symposiu m,  33rd Annua l  Meetin g  
Association of Eng ineeri ng  Geolog ists, October 2-3,  
1 990, C . D . El ifrits, ed . ,  Pittsburg h ,  PA, p .  1 83- 1 92 .  
The USBM i n itiated a program for the develop­
ment and eva luation of remote pneu matic stowing 
tech nology. A dedicated laboratory was constructed 
to test and improve cu rrently ava i lab le and  proto­
type remote pneumatic stowin g  methods . 
Keyword (s) :  pneu matic backfi l l i ng ,  lab testi n g ,  
abandoned m ines, coa l m i n i n g  
Location (s ) : Un ited States 
Walker, W. Hydrau l ic Stowage at Dalze l l  and  
Broomside Col l iery .  I ron and Coa l Trades Review, 
Ju ly 1 2, 1 9 1 2 , p. 5 1 . 
Efficient m in i ng  of coa l overla i n  by satu rated 
gravel and adjacent to the Clyde R iver was a l lowed 
by backfi l l in g .  
Keyword (s) :  hydrau l ic  backfi l l i ng ,  su rface 
water, su bsu rface water, coal m in i ng ,  overbu rden 
Location (s) : Eng land 
Wa l l ,  C .  F .  A Geophysical Method of  I nd icati n g  
Relative S inkhole Susceptib i l ity . I N :  Proceed ings, 
2nd I nternationa l  Symposiu m  on Land S u bsidence, 
Anahe im,  CA, IAHS-A IHS Pub l ication No .  1 2 1 ,  
December, 1 976,  p .  485-49 3 .  
Keyword (s) : geophysical  
Wal lace, M. R. Preventive Measu res to Avert Crude 
Line S u bsidence. Pipe Lin e  I ndustry, J u n e, 1 98 8 ,  p .  
1 9-24.  
Lon gwal l  min ing can affect cross-cou ntry p ipe 
l i nes .  During such m in i ng ,  the extraction  of an 
enti re seam of coa l a l lows the roof of the mine to 
cave in beh ind  the m in i ng  operation , thus  caus ing  
subsidence of  the surface . The subsidence travels 
in  a wave-l ike fash ion at grou nd  leve l .  As the wave 
passes u n der and beyond the p ipe l i ne ,  specia l  
measures must be taken to control its downward 
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movement, thereby contro l l i ng  bend ing  stresses in  
the u nsu pported a reas . Recently, longwal l  m in i ng  
h as affected Capl i n e 1 s  40- inch crude p ipe l i ne  that 
operates from Lou is iana to Patoka, I l l i no is .  These 
m in i ng  operations extract coa l from the 6- to 8-foot 
seam and  over a pane l  600 feet wide. M u lt iple 
para l le l  panels are frequently involved, wh ich 
requ i res repeated corrective action to the pipel i ne  
each t ime a pane l  crosses the pipel i ne .  The effects 
a n d  corrective measures taken to properly support 
Cap l ine d u ri ng  a fou r  pane l  longwal l  m in i ng  
operation  a re outl i ned i n  th is artic le .  
Keyword (s) : coa l  m in i ng ,  p ipe l i nes, longwa l l ,  
su rvey design ,  su rvey equ ipment, su rvey methods, 
su rvey data processing ,  Nationa l  Coal Board,  
structu ra l m itigation ,  vertical d isplacement 
Location (s) : I l l i no is ,  I l l i no is Coal Basin ,  Un ited 
States 
Walters, R. F. Lan d  S u bsidence in Centra l  Kansas 
Re lated to Sa lt Dissolution . Kansas Geological  
Su rvey Bu l letin No. 2 1 4, 1 977,  82  p. 
Keyword (s) : non-meta l m in i ng  
Location (s) :  Kansas, Un ited States 
Walth a m ,  A .  C .  G round  S u bsidence . Blackie and 
Son Lim ited,Chapman and Ha l l ,  New York, 1 989 ,  
202  p .  
Th is book presents an  overview of  a l l  aspects 
of ground  subsidence . Each style of subsidence is 
considered in its own right, because the causative 
mecha n isms vary enormously.  For example, si n k­
h oles and col lapses over random natural voids 
c learly contrast with the widespread and inevitable 
h u man-i nduced subsidence of dra ined peat.  M in i ng  
su bsidence, i n  its various forms,  is covered together 
with the many other ways in  which h u mans i nduce 
subsidence in their  environ ment.  
Keyword (s ) :  fl u id extraction ,  subsurface water, 
o i l  extraction ,  coal m in i ng ,  geologic featu res, 
Nationa l  Coal Board, empirical  model,  mu ltip le-seam 
extraction ,  overburden ,  n on-metal m in ing ,  
fou ndations,  su rface structural damage, soi ls, soi l  
mechan ics, eng ineeri ng ,  abandoned mines,  active 
m ines, geophysical ,  longwal l ,  vertical d isplacement, 
hor izonta l  d isp lacement, prediction , room-and-p i l lar, 
computer, inf luence fu nction , metal m in i ng ,  
structu ra l  m itigation ,  roads, eng ineering ,  p ipe l ines,  
part ia l  extraction ,  p i l lar  stren gth , backfi l l i ng ,  land 
m itigation , m itigation , l and-use plan n i ng  
Location (s) : Un ited States, Appalach ian Coal 
Region , Ch ina ,  Un ited Kin gdom, Pen nsylvan ia ,  
F lor ida, Austra l ia ,  I l l i nois, I l l i n ois Coal Basin ,  
G ermany, Eu rope, Japan ,  Kansas, Cal iforn ia,  Italy 
Walton , G . , R .  K. Taylor. Likely Constra ints on the 
Stabi l ity of Excavated Slopes Due to Underground 
Coal Workings .  IN :  Proceedings,  Conference on 
Rock Engineering ,  Un iversity of Newcastle u pon 
Tyne, England, Apri l  4-7 ,  1 977,  p .  3 29-349 . 
This paper exam ines potential modes of slope 
fa i l u re that can be induced in surface coa l mines 
largely as a consequence of former u n derground  
m ine  workings .  
Keyword (s ) :  eng ineering ,  rock mechan ics, 
abandoned mines,  room-and-pi l lar ,  longwa l l ,  coa l 
m in ing  
Location (s) :  Eng land 
Walton , G . ,  A .  E .  Cobb.  Min ing Subsidence . I N :  
G round Movements and Their  Effects o n  Structures, 
Surrey Un iversity Press, P . B. Attewell and R . K. 
Taylor, eds . ,  1 984, Chapman and Ha l l ,  p .  2 1 6-24 1 . 
The extraction of minerals by u n derground  
m in i ng  i nevitably induces a risk of  surface 
subsidence . Different methods of m in ing  g ive rise to 
different risks of subsidence and d ifferent styles of 
ground  movement. This chapter considers sub­
sidence resu lti ng from these m in ing  methods; 
mineral extraction by solution,  as in salt recovery, is  
not considered . Because coal  m in i ng  is the most 
extensive and most researched form of m in ing  in  
many parts of  the world ,  most of the examples 
come from this sector of the industry . 
Keyword (s ) :  coa l m in ing ,  surface structura l 
damage, room-and-pi l lar, longwal l ,  part ia l  
extraction ,  roof stabi l ity, f loor stabi l ity, p i l lar  
strength , pred iction ,  zone area, empir ical model ,  
Nationa l  Coal  Board 
Location (s) : Un ited Kin gdom, Europe 
Wang,  F .  D. ,  D .  M. Ropchan,  M. C .  S u n .  Structural 
Analysis of a Coal Mine Open ing in Elastic, 
Mu lti layered Materia l .  U .S . Bureau of M ines R I  
7845, 1 974, 36  p .  
F in ite-element structu ra l ana lyses were 
performed to determine the stress d istribution and 
displacements around a s ing le rectangu lar coa l  mine 
open ing in  a mu lti layered rock system .  The effects 
of changes in mechanica l  properties of roof and 
coal layers, roof layer and mine  open ing  geometry, 
horizontal-to-vertical load ratio, and structu ral 
geologic features on the stress d istribution about 
the open ing were studied . 
Keyword (s } :  roof stabi l ity, mine desig n ,  g round  
control ,  coal m in i ng ,  fin ite element 
Location (s) : Un ited States 
40 1 
Wang,  F .  D . ,  D .  M .  Ropchan ,  M .  C .  S u n .  Proposed 
Tech n ique  for Improving Coal -Mine Roof Stabi l ity by 
Pi l lar  Soften in g .  S M E-AI ME, v .  255,  1 974, p .  
5 9-63 . 
Keyword (s) : roof stabi l ity, yield ing supports, 
coal m in ing  
Location (s } :  Un ited States 
Wang,  W . ,  M .  M .  S ingh . A Numerical Method for 
Determination of Stresses Around Underground 
O pen ings .  I N :  Proceed ings,  1 st Congress I nter­
nationa l  Society of Rock Mechan ics, Lisbon ,  
Portuga l ,  v .  2 ,  1 966,  p .  363-373 .  
I n  t h i s  ana lysis ,  t he  rock is considered to  be 
e lastic and h omogenous in each stratu m,  a lthough 
the physical  properties of each bed may vary. The 
m ethod adopted employs a p la in  stra in d iscrete 
model for which the f in ite-difference equations of 
equ i l ib ri u m  and  bou ndary condit ions are formu lated . 
Two i l l ustrative models, in the case of bedded rock, _  
a re inc luded .  
Keyword (s) :  boundary element, fin ite element, 
pred iction , model i ng ,  rock mecha n ics 
Ward, T. The Su bsidences in and Around the Town 
of Northwich in Chesh ire .  Transactions, I nstitute of 
M in i ng  Eng ineers, London,  v .  1 9 , 1 900, p .  
2 4 1 -2 64. 
Keyword (s) : surface su bsidence damage, 
h istor ical  
Location (s) : Eng land 
Warde l l ,  K .  A Comparison Between British and 
German Experience of M in ing  Subsidence . 
Transactions,  I nstitute Min ing  Surveyors, v .  30, 
1 950, p. 5 1 -70.  
Keyword (s) :  Eng land,  Germany 
Wardel l ,  K.  The S u rveying  Observations Requ i red 
for the Determ ination of G round Movements 
Caused by M in i ng .  Transactions, I nstitute of M in ing 
S u rveyors, 1 95 2 ,  v .  32 ,  no .  1 2 . 
Keyword (s) : survey methods, survey design 
Wardel l ,  K.  Some Observations on the Relationsh ip 
Between Time and Min ing Su bsidence .  
Transactions,  I n stitute M in ing  Eng ineers, London , v .  
1 1 3 ,  1 953-5 4, p .  47 1 -483,  7 9 9 .  
T h i s  paper discusses the importance of the 
t ime factor i n  the study of min ing  su bsidence and 
its inf luence on  the movements accompanying 
an advanc ing face, as well as t.he l imitations of 
existi n g  methods of ana lys is .  
Keyword (s) : vertical d isplacement, t ime factor, 
prediction 
Wardel l ,  K. M in ing  Subsidence . Transactions,  Roya l 
Institute Chartered Surveyors, v. 86 ,  no .  8 ,  1 954, 
p .  53-70. 
Location (s) :  England 
Wardel l ,  K. The Min im isation of Su rface Damage by 
Special Arrangement of Underground Workings . I N :  
Proceedings,  European Congress o n  G round Move­
ment, Leeds, Eng land,  April 9 - 1 2 , 1 95 7 ,  London 
Harrison , p .  1 3-20.  
Th is paper conta ins a bas ic explanation of 
harmon ic min ing methods designed to negate the 
effects of surface stra ins,  thereby min im iz i ng  
surface damage . These stepped face methods of 
subsidence control are shown to be most a pp l icable 
to depths of less than 400 to 500 meters . The 
author a lso ana lyzes grou nd movements that resu lt 
from an advancing face . 
Keyword (s) : m ine des ign,  g round control 
Location (s) : Europe 
Wardel l ,  K., N. E. Webster.  Some Surface 
Observations and Their  Relationsh ip  to Movement 
Undergrou nd .  I N :  Proceedings,  Eu ropean Congress 
on G round Movement, Leeds, Eng land,  April 9- 1 2 , 
1 957,  London Harrison ,  p .  1 4 1 - 1 48 .  
The concept of maximum surface subsidence is  
discussed as related to the area of influence,  critical  
width , depth , and treatment of the goaf. Stra in  d is­
tribution is d iscussed in reference to its position 
with in the su bsidence trough and the effect of 
partial workings adjacent to a previously mined 
area . The authors close with a d iscussion of surface 
su bsidence and undergrou nd convergence in 
relation to time and rate of advance of the 
extraction face . 
Keyword (s) : partial extraction,  mu ltiple-seam 
extraction , t ime factor, mine operation , ang le of 
draw, mine waste, mine design 
Wardel l ,  K . ,  N. E. Webster .  Su rface Observations 
and Strata Movement Undergrou n d .  Col l iery 
Engineering,  v .  34, 1 957,  p .  329-336 .  
Keyword (s) : subsu rface su bsidence damage,  
overburden, surface subsidence damage 
Wa rdel l ,  K .  The M in imisation of Su rface Damage.  
Col l iery Engineering ,  v .  34, no .  403, September, 
1 957 ,  p .  36 1 -367 . 
Alth ough nu merous attempts have been made 
in G reat Brita in to min imize damage to su rface 
structu res by adoptin g  a specia l ly p lanned layout of 
underground workings,  l ittle has been pu bl ished 
about the resu lts of such experiments . 
Keyword (s) : su rface subsidence damage, land 
m it igation ,  mine design ,  mu ltip le-seam extraction,  
surface structu ral damage 
Location (s) : Eng land 
Warde l l ,  K .  The Problems of Ana lysing and I nter­
p reting  Observed G round Movement. I N :  Pro­
ceed ings,  I nternationa l  Strata Contro l Congress , 
Leipz ig ,  October 1 4- 1 6, 1 958,  p .  206-22 1  and XCl­
XCVl l l .  
I t  i s  now genera l ly accepted that the practical 
problems of surface support and surface damage, 
which arise as the resu lt of g round movement 
caused by underground m in i ng ,  can on ly be solved 
if a reasonable forecast can be made of the ground 
movements to be expected in any particu lar  case. 
Many deta iled observations of su rface g rou nd  
movements h ave been made by min ing  su rveyors, 
and ana lysis of these data has enabled the genera l  
pattern of surface ground movement to be defined . 
Many investigators have, however, a lso attem pted 
to rationa l ize the resu lts of observations and to 
devise methods of preca lcu lat ing ground movement 
that h ave a wide if not un iversal val id ity . 
Keyword (s) : coa l m in ing ,  surface su bsidence 
damage,  prediction,  horizontal d isplacement, 
· vertical d isplacement, mu ltip le-seam extraction 
Location (s) : Un ited Kingdom 
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Wardel l ,  K. The Protection of Structu res Aga inst 
S u bsidence . Chartered S u rveyor, v. 90, no .  1 0, 
Apr i l ,  1 958 ,  p .  5 73-579 . 
The author emphasizes the main princ iples 
of the ground deformation process, m in ing  pre­
cautions,  and  structu ral design considerations 
that perta in  d i rectly to the protection of surface 
structures . 
Keyword (s) : vertical d isplacement, horizontal 
d isp lacement, surface structu ral damage, mine 
design ,  ground control ,  construction 
Wardel l ,  K .  The Problems of Analyz ing and 
I n terpreting  Observed G round Movement. Col l iery 
Eng ineering ,  v .  3 6, December, 1 959 ,  p .  529-540.  
Keyword (s) : g rou nd control ,  descriptive theories 
Wardel l ,  K. S u rface G round Movements Associated 
with the Tota l and Part ia l  Extraction of Stratified 
Minera l  Deposits . M . S .  Thesis, Un iversity of 
Nottingham,  Eng land,  1 965,  1 67 p .  
Keyword (s) : partial extraction , longwa l l ,  m ine  
des ign,  surface su bsidence damage 
Location (s) :  Un ited Kingdom 
Wardel l ,  K .  Problems Posed by Past and Futu re 
Minera l  Workings in a Development Area . The 
Chartered Su rveyor, Mineral Workings, October 
1 966, p. 1 84- 1 88 .  
Keyword (s) : land-use p lann ing ,  active m ines, 
abandoned mines 
Wardel l ,  K. , J .  C .  Wood . G round I nstabi l ity Prob­
lems Aris ing from the Presence of O ld ,  S ha l low 
Mine Workings . I N :  Proceedings,  Mid lands Soi l  
Mechan ics & Fou ndations Eng ineering  Society, v .  7,  
Paper No .  36,  1 966, p .  5-30 . 
This paper d iscusses site investigation and 
development in u nderm ined areas .  
Keyword (s) :  abandoned m ines,  room-and-p i l lar,  
p i l lar  strength , backfi l l i ng ,  roof stabi l ity 
Wardel l ,  K. Design of Partia l  Extraction Systems in  
Min ing .  IN :  Proceed ings, 4th Annua l  Canad ian  Rock 
Mechan ics Symposiu m ,  Ottawa, March 29-30, 
1 967,  Department Energy, Mines, and Resources, 
Ottawa, Canada,  p .  27 1 -29 6 .  
This paper presents an overview o f  partia l ­
extraction min ing methods and the various 
parameters involved with each method . Also, the 
mechan ics of panel-and-pi l l a r  and room-and-pi l lar  
extraction are d iscussed . 
Keyword (s) :  mine design ,  partial extraction , 
room-and..!pi l lar, rock mechan ics 
Wardel l ,  K. Report of Joint Meeting  with I nstitution 
of Min ing  Eng ineers . Structural Concept of Strata 
Control and Mine Design . Transactions,  I nstitute 
Min ing  & Meta l lu rgy, London , v .  77 ,  no .  743, Sec . 
A, October, 1 968,  p .  A 1 25- 1 38;  a lso The M in ing  
Eng ineer, v .  1 27,  no .  95 ,  August 1 968,  p .  
633-65 1 .  
Rock mechan ics princ ip les are related to 
problems in g round contro l and mine design .  
Keyword (s) :  ground control , m ine design ,  rock 
mechan ics 
Location (s) :  England 
Wardel l ,  K . ,  R .  J .  Piggott . Report on Min ing  
Subsidence . Selection · of techn ical  reports 
submitted to the Aberfan Tribu na l ,  London,  1 969 . 
These reports describe the condit ions and 
effects of subsurface min ing  on coa l  waste banks 
involved in the Aberfan m in ing  d isaster .  
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Keyword (s ) :  m ine  waste, surface su bsidence 
damage 
Location (s ) :  Eng land 
Warde l l ,  K .  G round Su bsidence and Control . M in ing  
Con gress Journa l ,  v .  55 ,  no .  1 ,  January, 1 969,  p .  
3 6-42 . 
The a uthor eva luates the mechan ics of 
su bsidence and  exp la ins  how the panel-and-p i l lar  
min ing system can be used to min imize ground 
deformations .  An explanation of ground defor­
mation parameters a long with mathematica l 
formu las u sed for subsidence prediction are 
inc luded . The author a lso discusses the effects of 
subsidence on surface structures, and a general 
exp lanation of leve l ing procedu res used for 
mon itorin g  su bsidence.  
Keyword (s) : vertical d isplacement, horizonta l  
d isp lacement, m ine design ,  survey methods, 
mathematical  model,  model ing ,  pred iction , 
mon itorin g  methods,  surface structu ral damage, 
ground  control 
Wardel l ,  K. The Effects of M ineral and Other 
Underground  Excavation on the Overly ing G round 
S u rface .  IN :  Proceedings,  Symposiu m  o n  Geological 
and Geograph ica l  Problems of Areas of High 
Popu lation Dens ity, Wash ington ,  D .C . ,  1 970, 
Association of Eng ineering  Geolog ists , 1 97 1 ,  p .  
20-2 1 7 . 
Th is paper deta i ls  empirical  studies concern ing  
d imens iona l  parameters of  underground excavations 
and the ir  inf luence on the su rface.  The author refers 
to the factor of geologic cond ition and d iscusses 
severa l theoretical models .  
Keyword (s) : model i ng ,  pred iction , surface 
su bsidence damage 
Wardel l ,  K .  and Partners . G u idel ines for M in ing  
Under Su rface Water .  Phase I I  and F ina l  Report. 
Contract H025202 1 ,  U . S .  Bureau of Mines O F R  
30-77 ,  1 977 ,  67 p .  (NTIS PB  2 64 729)  
Keyword (s) : m ine  operation , surface water, 
m ine  design 
Location (s) : Un ited States 
Wardle,  L. J . ,  K .  E. McNabb.  Comparison Between 
Predicted and Measured Stresses in an Underground 
Coa l  Mine .  I N :  Research & Engineering Appl ications 
in  Rock Masses, Proceed ings 26th U . S .  Symposiu m  
o n  Rock Mech an ics, South Dakota School o f  M ines 
& Tech nology, Rapid City, June  26-28,  1 985 ,  E .  
Ashworth ,  ed . ,  Ba lkema, Rotterdam,  p .  53 1 -53 8 .  
Rationa l  design of compl icated layouts such 
as those encountered in longwal l  m in ing  is on ly 
possible by use of an accu rate and economica l  
method for predicting stresses and  d isp lacements .  
A novel th ree-d imensiona l  nu merical  stress ana lysis 
method is val idated by comparison with resu lts 
from stressmeters mon itored during panel  
extraction . The study shows that by choosing  
appropriate an isotropic rock properties, pred ictions 
of vertical stresses and surface d isplacements a re 
close to observed va lues . 
Keyword (s) :  prediction , mode l ing ,  
i nstrumentation , rock mechan ics, longwa l l ,  coal  
m in ing  
Location (s) : Austra l ia  
Wardle,  L .  J . ,  K .  E .  McNabb.  Stress Mon itorin g  
During Wongawi l l i  Extraction in 3 North Pane l ,  
La leham No . 1 ,  Col l iery, South Blackwater, 
Queensland . Commonwea lth Scientific and  
I ndustria l  Research Organ ization , Mount Waverly, 
Austra l ia . Division of Appl ied Geomechan ics, May, 
1 985,  R�PT-59 ,  IS BN-0-643-03570-2 ,  40 p.  ( NT IS  
PB85-232429/WNR)  
The report describes investigations at the  
La leham No.  1 Col l iery, South Blackwater, Queens­
land, involving monitoring  of stresses and conver­
gences during Wongawi l l i  (rib p i l l a r) extraction in  3 
North Panel . The project involved the insta l lat ion of 
1 6  vibrating wire stressmeters and  1 0  telescopic 
convergence rods .  The a im of the project was to 
mon itor changes in the stress d istribution d urin g  
extraction . 
Keyword (s) : instru mentation , mon itori ng 
equ ipment, monitoring instal l ation ,  mon itori ng  
methods, p i l l a r  extraction , coa l  m in ing  
Location (s ) :  Austra l i a  
Wardle, L. J . ,  K .  E .  McNabb .  Stress Mon itoring  
During Wongawi l l i  Extraction in  3 North Pane l ,  
La leham No.  1 Col l iery, South Blackwater, 
Queens land .  Queensland Govern ment M in ing  
Jou rna l ,  November, 1 985 ,  p .  454-46 1 .  
Th is report describes investigations at the 
La leham No.  1 Col l iery, South Blackwater, Queens­
land,  involving mon itoring of stresses and con­
vergences during Wongawi l l i  (r ib p i l l a r) extraction in  
3 North Panel .  The project involved the insta l lation 
of 1 6  vibrati ng wire stressmeters and 1 0  telescopic 
convergen ce rods .  The instru ments were instal led in  
the fenders. ( r ib  p i l l a rs ) ,  roadway p i l la rs ,  and  the 
so l id  coal surround ing the pane l . I nstru mentation 
proved to be rel iab le and was mon itored over a 6-
month period . Resu lts ind icate that the major  
red istribution of stress occurs when a fender is 
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isolated from the ma in  extraction block by the 
drivage of a sp l it .  As the sp l it face advances, 
isolati ng  the fender, the load from the sp l it/fender 
a rea is transferred to the main extraction block .  The 
isolated section of the fender u ndergoes a constant 
rate of stress relaxation independent of su bsequent 
m in i ng .  The fender is in a stress rel ieved state when 
extracted . 
Keyword (s) : instrumentation , mon itor ing 
methods, mon itor ing equ ipment, mon itoring design ,  
p i l lar  strength , coa l m in i ng ,  m i n e  design,  p i l l ar  
extraction 
Location (s) : Austra l i a  
Warren ,  J .  P . ,  L .  L .  Jones,  W .  L .  G riffi n .  Costs of 
Land  S u bsidence Due to G round Water Withdrawa l .  
Texas Water Resource I n stitute, Texas A & M 
Un ivers ity, Techn ica l  Report 57 ,  1 974, 79  p .  
Keyword (s) : flu id extraction ,  economics 
Location (s ) : Texas, Un ited States 
Watkins,  R. K. Structu ra l Des ign in Bu ried Flexible 
Condu its . I N :  Proceed ings,  Symposium on Soi l ­
Structure I nteraction,  Un ivers ity of Arizona,  
Tucson , 1 964, p .  246-2 5 5 .  
Keyword (s) :  ut i l ities, p ipe l ines, subsurface 
subsidence damage, eng ineering ,  soil mechan ics 
Location (s) : Un ited States 
Watson ,  L .  H .  Economics of Support for Surface 
Properties . Chartered Su rveyor, v. 92, Februa ry, 
1 960, p .  376-3 8 5 .  
Keyword (s ) :  su rface structu ral damage, 
economics 
Watters, R. J . ,  D. Fi n n ,  J .  Cou lthard . Pit S lope 
I nstab i l ity Problems I nduced by Disused Under­
g round Mine Workings . I N :  Engineering Geology and 
G eotech n ica l  Eng ineering ,  Proceed ings of  the  25th 
Sympos ium,  Reno, NV, March 20-22 ,  1 989 ,  R .J .  
Watters, ed . ,  Ba lkema ,  Rotterdam,  p .  1 0 1 - 1 06 .  
Pit s lope instab i l ity occurred due to the adverse 
effects of old underground mine workings being 
intersected by slope excavation s .  I nvestigations are 
presently u nderway to develop a mitigation wh ich 
wi l l  m in im ize or control their  effects . These inves­
tigations involve both fie ld and laboratory stud ies, 
s lope stab i l ity a n a lyses, ana lytical  and physical  
model ing . 
Keyword (s ) :  abandoned mines, land mitigation,  
geolog ic features 
Location (s) :  Un ited States 
Wayment, W .  R . ,  D .  E .  N icholson . A Proposed 
Modified Percolation Rate Test for Use in Physical  
Property Test ing of Mine Backfi l l .  U . S .  Bu reau of 
Mines R I  6562, 1 964, 24 p .  
Keyword(s) : hydrau l ic backfi l l i ng  
Location (s) : Un ited States 
Wayment, W. R . ,  D. E. N icholson . Improving  
Effectiveness of Backfi l l . M in ing  Congress Jou rna l ,  
v .  3 1 ,  no .  3 ,  August, 1 965,  p .  28-3 2 .  
This paper discusses water percolation rate, 
cement, and vibratory compaction , which are 
critical in improving  backfi l l .  
Keyword (s) :  hydrau l ic backfi l l i ng  
Weaver, P . ,  M.  M.  Sheets . Active Fau lts, 
Su bsidence, and Foundation Problems in  the 
Houston ,  Texas, Area, Field Excu rsion No. 5 .  
Geology of the G u lf Coast a n d  Centra l  Texas and 
G u idebook of  Excursions, Geological  Society of  
America Annua l  Meeting ,  Houston ,  TX, 1 962,  p .  
254-265 . 
Keyword (s) :  f lu id extraction 
Location (s) : Texas, Un ited States 
Webb, 8. A Study of Longwal l  S u bsidence in the 
Appalachian Coa lfield . M . S .  Thesis,  Virg in ia  
Polytech n ic I nstitute & State Un ivers ity, 1 982 ,  
1 9 1 p .  
Keyword (s) : longwal l ,  coa l  m in ing  
Location (s) : Appa lach ian Coa l  Region , Un ited 
States 
Weber, G .  E . ,  S .  M .  Raas . G eotechn ical Problems 
Associated with Siting  Large Structures Over 
Solution Col lapse Featu res in  Karst Terra i n ,  East 
Sports Faci l ity, Un iversity of Cal iforn ia ,  Santa Cruz ,  
Cal iforn ia . IN :  Eng ineering Geology and  Geo­
tech n ical Eng ineering ,  Proceedings of the 25th 
Symposium,  Reno, NV, March 20-22,  1 98 9 ,  R . J .  
Watters , ed . ,  Ba lkema, Rotterdam,  p .  259-265 . 
Construction of the East S ports Faci l ity at the 
Un ivers ity of Cal iforn ia ,  Santa Cruz ,  requ i red the 
pool  and associated bui ld ing be constructed over a 
solution -col lapse dol ine formed in l imestone  marb le .  
Geologic and engineering  investigations were 
conducted to determ ine the s ize and depth of the 
col lapse dol ine and the potential  for development of 
new voids below the proposed pool and bu i ld i ng . 
Keyword (s) :  geologic features, land-use 
plann ing ,  soi ls, geotech n ical ,  eng ineering 
Location (s) : Cal iforn ia ,  Un ited States 
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Webster, N .  E. Strata Control and the I nf luence on 
Underground  and S u rface Damage.  Transactions, 
I nstitute of M in ing  Eng ineers, 1 95 1 ,  v .  3 ,  Pt . 7 ,  p .  
445-475 .  
Th is paper d iscusses the need for maximum 
coa l  extraction combined with protection of  the 
surface; control of su bsidence effects wou ld 
increase with better determination of su bsidence 
parameters . 
Keyword (s) : g round control ,  su rface subsidence 
damage, subsurface su bsidence damage, coa l 
m in ing  
Weir,  A .  M .  An Appraisa l  of  Su bsidence 
Observation . Col l iery Guard ian ,  v .  209, October 1 6, 
1 964, p .  5 1 3-5 1 8 . 
Th is  a rticle eva luates the design and con­
struction of a su bsidence mon itoring network, and 
d iscusses methods for observation and data 
interpretation . It inc ludes a discussion of monument 
type and effects to be observed for different 
pu rposes , such as studies of bu i ld ing damage, 
h orizontal movement, vertical movements, 
permanent stra i n  and trave l ing stra in . Also, a 
mathematica l  solution for the pr incipal  stra ins  of a 
biaxia l  system is reviewed . 
Keyword (s) :  mon itoring design ,  mon itoring 
insta l lation ,  mon itoring  equ ipment, mon itori ng  
methods, survey data process ing,  survey methods, 
model i ng ,  mathematical model, surface structu ral 
damage,  vertica l  d isplacement, horizontal 
d isp lacement 
Weir,  A. M. S u bsidence--The I nterpretation of 
Trave l ing  Stra in  Observations .  Col l iery G u ard ian ,  v .  
2 1 2 , May 6,  1 966,  p .  576-577 . 
The author proposes a formu la stating that 
observed trave l ing  stra in  is a function of d istance 
between su rvey stations and rate of face advance .  
Keyword (s) :  su rvey methods, su rvey 
equ ipment, su rvey data process ing,  survey design , 
active m in es 
Weir, A .  M .  The Prediction of Su rface Subsidence 
with Particu lar  Reference to I ncl ined Seams . Master 
of Ph i losophy Thesis, Un ivers ity of Nottingham,  
Eng land,  1 97 7 .  
Keyword (s) : pred iction 
Weir, W . W .  S u bsidence of Peat Lands of the 
Sacramento San Joaqu in  Delta, Cal iforn ia . H i lgard ia ,  
v .  20, no .  3 ,  1 950, p .  37-56 .  
Keyword (s) : soi ls  
Location (s) : Cal iforn ia ,  Un ited States 
Weiss, I .  G .  Mu ltivariate Analysis of Level l i n g  
Networks in Su bsidence Areas .  I N :  Proceedings V I I I  
Congress International  Society for M i n e  S u rveying,  
September 22-27,  1 99 1 ,  Un iversity of  Kentucky, 
Lexington , UKY BU 1 54, p. 283-285 . 
The height estimates of the points of the net 
that are needed to control the vertical movements 
of a su bsidence area can be advantageously 
obta ined in a mu ltivariate model from repeated 
leve l ing in a mon itoring network . In the model ,  a 
transformed mu ltivariate hypothesis is proposed and  
tested successively for each po int  in each  of  two 
compared epochs to detect the sign if icant he ight 
d isplacements at points after s ing le epochs and 
after the  whole campaign of  observations as wel l .  
Keyword (s) : active m ines, mon itoring  methods, 
model ing,  vertical d isplacement 
Location (s) : Czechoslovakia 
Wenze l ,  R. J . ,  W: F. E ichfeld . Premin ing  S u bsidence 
Control Plann ing .  I N :  Proceed ings,  Conference on 
Ground Control in  Room-and-P i l lar  M in ing ,  Southern 
I l l inois Un iversity, Carbondale, August 6-8, 1 980, 
Y. P .  Chugh ,  ed . ,  S M E-AI M E, New York, 1 982 ,  p .  
1 7- 1 9 . 
The phrase "subsidence control p lann ing"  
can  refer to  the  use of  specific m in ing  methods 
and specia l ized techn iques to control subsidence 
events or it can refer to p lann ing  for su bsidence by 
predicting  its magn itude and tim ing  and fu rther 
p lan n ing  mitigation strategies . I n  the fi rst case the 
objective is actua l ly su bsidence prevention; i n  the 
second,  it is a design procedu re that seeks to 
maximize the use of both surface and subsu rface 
resou rces . 
Keyword (s) :  ground contro l ,  land mitigation,  
subsidence research ,  coa l min ing,  envi ron ment, 
engineering,  subsu rface water, agricu lture,  su rface 
structu ra l damage, mon itoring methods, 
overburden,  hydrology, govern ment 
Location (s) :  I l l i nois, I l l i no is  Coal Bas in ,  Un ited 
States 
Werner, E . ,  J .  C. Hempe l .  Effects of Coal  M ine  
Subsidence on Sha l low Ridge-Top Aqu ifers in 
Northern West Virg in ia .  I N :  Proceedings Th i rd 
Workshop on Surface Su bsidence Due to 
Underground Min ing ,  June  1 -4, 1 992 ,  S . S .  Peng ,  
ed . ,  Morgantown , WV, p .  237-243 . 
The effects on aqu ifers by min ing- induced 
subsidence varies sign ificantly depend ing  on the 
position of the aqu ifer with respect to the hydro­
logic base level . Aqu ifers above base level ,  
genera l ly cal led perched aqu ifers, are very sens itive 
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to d isru ption by en largement of fractu res with in  
u nderlyin g  low-permeabi l ity beds because of  the 
steep hydrau l ic g rad ients developed in  these 
supportin g  beds .  The effects are most intense when 
aqu ifer rocks are al l  of low matrix permeabi l ity and 
pr inc ipa l  hydrau l ic transmission is  through fractures . 
Most affected are reg ions near pre-exist ing 
fractu res zones . The effects on these h igher 
aqu ifers caused by mine su bsidence are 
su bstantia l ly d ifferent from the effects on the base 
level aqu ifers, and  d ifferent pri nciples apply. 
Keyword (s) :  hydrology, subsurface water, 
su rface water, coal m in ing ,  geologic featu res 
Location (s) : West Virg in ia ,  Appalachian Coal 
Reg ion,  Un ited States 
West, T. R . ,  R .  B. Jackson ,  D. Johnson . 
Stab i l i zation of Underground  Coal Mines Prior 
to I nterstate H ighway Construction,  B irm ingham,  
Alabama . IN : Eng ineering G eology and the Natu ra l  
Resources Energy Spectrum,  Association of 
Eng ineer ing Geologists Annua l  Meeting Program 
Abstracts, n o .  1 7 , 1 974, p. 37-3 8 .  (NTIS 
Accession No .  75-069 1 7 ) 
Keyword (s ) : roads, coal m in ing ,  surface 
structu ra l  damage, eng ineering ,  abandoned mines 
Location (s) : Alabama, Un ited States 
West Virg i n ia Department of Natural Resources . 
West Virg i n ia S u rface M in ing  Reclamation 
Regu lations .  Ch . 20-26,  Sec . 7, 1 982,  p. 7- 19 -
7 -2 1 . 
Paragraph 7C provides deta i ls  on the 
su bsidence-related responsib i l ities of the mine 
operator in  West Virg in ia . 
Keyword (s) : law, mine operation 
Location (s) : West Virg i n ia,  Appalachian Coal 
Reg ion,  Un ited States 
Westfie ld,  J .  M in ing  Subsidence and Backfi l l i n g .  
U .S .  Bureau o f  M ines R I  4 1 09 ,  F lood Prevention 
Project at Pen nsylvan ia Anthracite M ines, Progress 
Report for 1 945 ( Pa per V) , 1 947, p .  42-50. 
Keyword (s) : backfi l l i ng ,  anth racite, coal m in ing  
Location (s ) :  Pen nsylvan ia ,  Appa lachian Coal 
Region , Un ited States 
Weston , J .  G .  The Determination of Subsidence 
Profi les by Math ematical Fu nctions .  Th e M in i ng  
Eng ineer, London,  v .  1 37,  Apri l  1 978 ,  p .  493-500. 
This paper examines the s imi larity between the 
hyperbol ic tangent fu nction and a longwal l  sub­
s idence profi le; it describes the app l ication of th is 
fu nction to s ing le panel  and mu lt ipanel  partial-
extraction syst�ms . A zone a rea system based on 
the use of  the fu nction and a computer  method of 
subsidence prediction based on the Nationa l  Coal  
Board Su bsidence Eng ineers ' Handbook is a lso 
described . 
Keyword (s) :  vertical d isplacement, hori zontal 
displacement, Nationa l  Coal Board , pred iction ,  
mathematica l model, longwal l ,  partia l  extraction , 
computer, zone a rea,  coal m in i ng ,  model ing 
Location (s) : Un ited Kingdom 
Whaitte, R.  H . , A .  S.  Al len . Pumped-S lu rry 
Backfi l l i ng  of I naccessible M ine  Workings for 
Su bsidence Control . U . S .  Bu reau of M ines IC 8667,  
1 975 ,  83 p .  
This report summarizes the resu lts obta ined i n  a 
study of a hydrau l ic  backfi l l i ng  techn ique .  F i l l  
mater ia l  was pumped as a s lu rry th rough a c losed 
system and widely d istributed in  i naccessible m ine  
workin gs from a s i ng le  boreho le .  
Keyword {s) : hyd rau l ic  backfi l l i ng ,  abandoned 
mines,  grou nd control 
Location (s ) :  Un ited States 
Whetten ,  J. T . ,  K .  N .  S i nha .  Gob Stowage .  Col l iery 
Eng ineering ,  1 943 ,  v .  25 ,  no .  292 ,  p .  1 88- 1 93;  n o .  
293,  p .  225-242; no .  294, p .  255-276 .  
T h e  authors describe hydrau l ic ,  pneumatic, a n d  
mechan ica l  stowing methods, and l ist exam ples of 
their  effectiveness . 
Keyword (s) : hydrau l ic backfi l l i ng ,  pneu matic 
backfi l l i ng  
Whetton ,  J .  T . ,  K. N.  S in h a .  Gob Stowage at  
Michael Col l iery. Col l iery Eng ineering ,  v .  25 ,  no .  
295,  September, 1 948 , p .  29 1 .  
Keyword {s) : m ine waste, stowing  
Whetten ,  J .  T . ,  K .  N .  S i nha .  Mechan ica l  Methods 
of Gob Stowing . Col l iery Eng ineering ,  v .  26, no .  
299 ,  January, 1 949, p .  4 .  
Keyword (s) :  stowing ,  mine waste 
Whetten ,  J .  T . ,  K .  N .  S inh a .  Mechan ical Stowing 
on the Continent. Col l iery Eng ineering ,  v .  26, n o .  
307, September, 1 949 . 
Keyword (s) :  stowing 
Location (s) :  Eu rope 
Whetten ,  J. T., K. N. S i n h a .  Power Stowing  of the 
Goaf : Scientific Tests and Investigations .  
Transactions, Institute Min ing  Eng ineers , v .  1 09 ,  
1 949, p .  534.  
Keyword {s) : stowing ,  mine waste 
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Whetton ,  J .  T . ,  P. H .  Broadhurst. Plastic ity Tests 
on Mater ia ls Used for Pneumatic Stowing  in the 
G oat. Transactions,  I nstitute of Min ing Eng ineers, v .  
1 1 1 , 1 95 2 ,  p .  906,  and v .  1 1 2 , 1 952 ,  p .  35 1 .  
Keyword(s ) :  pneumatic backfi l l i ng ,  stowing 
Whette n ,  J .  T. ,  H . J .  King,  M. B .  Jones .  The F ie ld 
Measurement of Subsidence and Stra in . I N :  
Proceedings,  the European Congress o n  Ground 
Movement, Leeds, Eng land,  Apri l 9- 1 2, 1 957,  
London Harrison , p .  9 9- 1 05 .  
The authors d iscuss problems associated with 
measur ing hor izontal strains  above extraction a reas . 
Measu rements a long s ing le l ines not paral le l  o r  per­
pend icu lar  to the extraction face a re considered to 
be of l ittle use because the actua l  magn itude of 
stra i n  is  not detected . As an a lternative, two paral­
le l  l i nes a re u sed and stra ins a re resolved from 
tri angu la r  measurements a long and between l ines ,  
so that a stra in  contour  g rid is  produced . An 
accuracy of one  part i n  1 0, 000 is  considered 
necessary to accu rately define  stra in  d istribution . 
Keyword (s ) :  su rvey design ,  instrumentation , 
h or izontal  d isplacement, su rvey methods 
Whetton ,  J .  T. A G eneral Su rvey of the G round 
Movement Problem .  Col l iery Eng ineering/  v .  34,  no .  
398 ,  Apr i l ,  1 957 ,  p .  1 53- 1 57 .  
I n  G reat Brita in ,  a Royal Commission was 
appointed in June,  1 923 ,  to report on the con­
sequ ences of m in i ng  su bsidence from a n umber of 
d ifferent  aspects . Part 2 of the Minutes of Evidence 
was concerned among other th ings,  with what was 
cal led the "bas ic laws of su bsidence . 11 Today most 
of that evidence wou ld be very strongly contested . 
It is very noticeable in these Min utes of Evidence 
that there was no mention of lateral d isp lacements 
and the derivative of surface disp lacement, namely 
the stra in ing  of the surface. 
Keyword {s ) : angle of draw, time factor, 
abandoned m ines, active m ines, longwal l ,  
prediction , mu ltip le-seam extraction ,  stowing ,  
vert ical  d isplacement, horizontal d isplacement 
Location (s) : Un ited Kingdom 
Whette n ,  J. T., H . J .  Kin g .  Aspects of Subsidence 
and Related Problems . Transactions, I nstitute of 
M in i ng  Eng ineers , London,  v. 1 1 8 , 1 958-59,  p .  
663-676 .  
An account is  g iven of  the  general practice 
u nderlying  an attempt to s imu late the strata 
movement by model apparatus .  Some of the resu lts 
obta ined from the model a re presented and 
imp l icat ions a re discussed . I n  a two-dimensional  
i nvestigation ,  the model ind icates that, with low 
ratios of width and extraction to depth , the maxi­
mum ampl itude of convergence grows much more 
rapidly with increas ing width than it does with 
increasing depth . 
Keyword (s ) : model ing 
Whetton ,  J .  T . ,  H . J .  King .  The Time Factor in  
Min ing  Subsidence . IN :  Proceedings, I nternationa l  
Symposiu m  on Min ing  Research , Rol la ,  MO,  Feb­
ruary, 1 96 1 , G . B .  Clark, ed . ,  Pergamon Press, v .  2 ,  
1 962,  p .  52 1 -53 9 .  
This paper discusses theories of t ime lags i n  
subsidence development a n d  presents data from 
field observations in G reat Brita in . S u bsidence 
development cu rves are plotted and a re s imi lar  for 
d ifferent cases . The author mentions the poss ib i l ity 
of delayed violent and sudden col lapse in cases of 
partial extraction systems.  
Keywo,rd (s) :  vertical d isplacement, horizontal 
d isplacement, t ime factor, partia l  extraction ,  coal 
m in ing  
Location (s) : Eng land 
Wh ite, H .  Accu rate Del ineation of Sha l low S u b­
surface Structu re Using  G round Penetrating Radar .  
IN :  CO MA: Proceedings of  Symposiu m  on Con­
struction Over Mined Areas,  Pretoria , May 1 992 ,  
South African I nstitution of  Civi l  Eng ineers, 
Republ ic of South Africa , p. 23-26 .  
G round-penetrating radar  uses pu lsed e lec­
tromagnetic waves to accu rately map the subsur­
face . Pu lses are radiated from an antenna  into the 
subsurface . These pu lses propagate through the 
subsurface and are reflected back from electromag­
netic interfaces . The depth to the interface can be 
calcu lated by measur ing the two-way travel-time of 
the reflected pu lses . Data are presented with the 
emphasis on th ree particu lar  appl ications :  ( 1 )  karst 
environ ments, (2 )  del ineation of sha l low subsurface 
bedrock fractur ing as a consequence of sha l low 
underground min ing ,  and (3) mapping of old-m ine 
workings from surface on the Witwatersran d .  
Keyword (s) :  geophysical ,  geologic featu res , 
abandoned mines, geotech n ical 
Location (s) :  South Africa 
Wh ite, W. A.  Properties of Clay as Re lated to Coal 
M in ing  Problems . I N :  Proceedings I l l i nois M in i ng  
I nstitute, 1 954.  
Keyword (s) :  floor stabi l ity, mine operation ,  coa l  
m in ing  
Location (s) : I l l i no is, I l l i nois Coa l  Basin ,  Un ited 
States 
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Wh ite, W .  A. Underclay Squeezes in Coa l Mines .  
M i n i n g  Eng ineeri ng ,  v .  8 ,  no .  1 0, October 1 956,  p . 
1 024- 1 028;  a lso I l l i nois State Geological Survey 
Reprint 1 95 6-R,  1 956;  a lso Transactions,  AI M E, v .  
205 ,  1 95 6 .  
This i s  a prel im inary report o n  t h e  mechan ism 
of squeezes in a "dry11 mine without the action of 
additiona l  moistu re . The l i ke l ihood of underclay 
squeezes based on the physical and minera l  content  
of  the c lay materia ls is d iscussed . 
Keyword (s ) :  f loor stabi l ity, in situ testing,  lab 
testing ,  coa l m in ing  
Location (s ) :  I l l i nois, I l l i nois Coa l Basin , Un ited 
States 
Wh itelock, G .  C .  H .  Subsidence Due to Coal M in i ng . 
Transactions,  I nstitute of M ine  S u rveyors, 1 920.  
Keyword (s) : coa l  min ing 
Wh itf ie ld,  L .  M.  G round Movements from Coa l 
Extraction in the Vicin ity of Dams and Storages i n  
New South Wales, Austra l ia . I N :  G round Move­
ments and Structures, Proceedings 3rd Internationa l  
Conference, Un ivers ity of  Wales I nstitute of 
Science and Technology, Cardiff, 1 984, J . D .  
G eddes, ed . ,  Pentech , London , 1 985 ,  p .  298-3 1 3 . 
The New South Wales Dams Safety Committee 
was establ ished as a statutory authority in 1 979  to 
mainta in  a survei l lance of a l l  dams in the state 
above a certa in  s ize and storag.e capacity and to 
ensure their  conti n u in g  safety. The Committee a lso 
makes recommendations on proposals for coa l­
m in ing  operations in  the vic in ity of such dam struc­
tures and storages, specifying the conditions under 
wh ich such m in ing  may be carried out.  
Keyword (s) : su rface water, coa l m in ing ,  active 
m ines, su rface subsidence damage, land-use 
plann ing ,  mu ltiple-seam extraction , longwal l  
Location (s) : Austra l ia  
Wh itfie ld,  L .  M.  Mon itoring and I nvestigation of 
Water I n flow I nto a Coal Mine in New South Wa les, 
Austra l ia . I N :  G roundwater in  Eng ineering Geology, 
Proceedings 2 1 st Annua l  Conference of the 
Eng ineering  G roup of the Geological  Society, 
September 1 5- 1 9 ,  1 985 ,  J .C .  Cripps, et a l . ,  eds . ,  
Un ivers ity of Sheffie ld,  the Geologica l  Society 
Eng ineering  G eology Specia l  Publ ication No .  3 ,  
1 986 ,  London,  p .  1 1 5 - 1 2 6 .  
T h e  Dams Safety Committee is responsib le for 
ensuring the safety and integrity of all su bstant ia l  
dams and storages in  New South Wa les . Coa l 
m in ing  is cu rren tly taking p lace beneath the Sydney 
Water Board catchment where a system of five 
reservoi rs constitute part of the u rban water sup ply 
for the cities of Sydney and Wol longong .  Pi l lar  
extraction of the Wongawi l l i  seam adjacent to Avon 
storage resu lted in an u nexpected inflow of water 
into the mine workings .  Algal  ana lysis i nd icated 
that a proportion of this inflow may h ave orig inated 
from a surface source . The paper outl ines the 
events that occu rred,  the mon itorin g  in itiated, and  
the  resu lts of  the  investigations .  
Keyword (s) :  coa l  m in ing ,  su rface water, 
subsurface water, hydrology, p i l l a r  extraction ,  
surface structu ral damage, room-a nd-pi l lar ,  i nflow 
Location (s } :  Austra l ia  
Wh ittaker, B .  N . , D .  R .  Hodgkinson . Design_ and 
Layout of Longwa l l  Work ings .  The M in i ng  Eng ineer, 
London,  no .  1 34, November, 1 97 1 ,  p .  79-96 .  
The pr inciples of  strata control a re reviewed 
with specia l  reference to the control of u n derground  
conditions .  I nvestigations of  underground stud ies of 
working  layout and its effect on i nteraction with 
other workings are described . Roadway design and 
subsequent deformations h ave been examined 
u nder a variety of condit ions with specia l  reference 
to deriving gu idel ines to assist in  prediction of 
roadway convergence and assessing support 
performance.  Leaving rib p i l lars between successive 
longwa l l  faces as opposed to total extraction is 
d iscussed and examples are used to h igh l ight the 
respective advantages and disadvantages . Inter­
action between workings in the same seam and i n  
other seams above and  below the  cu rrent workin g  
horizon i s  examined in  deta i l  and  severa l  exam ples 
g iven together with a d iscussion on h ow to m in i­
mize such effects both in existing  and future 
work ing layouts .  
Keyword (s) : m ine  design ,  longwa l l ,  mu ltiple­
seam extraction, coal m in ing  
Location (s) : Un ited Kin gdom 
Wh ittaker, B .  N .  Strata Control Developments on 
the Eu ropean Continent .  The M in ing  Eng ineer, 
London,  v. 1 32,  no .  1 53 ,  June, 1 973, p. 435 ,  443 . 
Keyword (s) :  g round control 
Location (s) :  Europe 
Wh ittaker, B .  N. An Appra isal of Strata Control 
Practices . M in ing  Eng ineering,  v .  1 66, 1 974, p .  
9-24. 
Keyword (s) : mine design ,  longwa l l ,  g rou nd  
contro l ,  m ine  waste, m ine  operation 
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Wh ittaker, B .  N . ,  D .  J .  Forrester . Measurement of 
G round  Stra in  and Ti lt Aris ing from Min ing  
Subsidence .  I N :  Proceedings,  Symposium on F ie ld 
I n strumentation in  G eotechn ical Eng ineering,  
London , May 30-June  1 ,  1 973,  Halsted Press, 
1 974, p. 437-447 . 
M in i ng  su bsidence is the mass lowering of a 
body of strata overlying  mine workings whose ex­
tracted a rea is  suffic iently g reat as to permit col­
l apse of immed iately overly ing strata and su bse­
q uent propagation of the movement to the surface . 
I n  the Un ited Kingdom, the ratio of extraction 
width-depth for m ine  workings needs to be greater 
than  1 / 1 0 before a d iscern ib le depression is formed 
at the su rface . 
Keyword (s) : mon itoring  design ,  mon itor ing 
methods, survey methods, instrumentation,  survey 
design ,  geotechn ica l ,  geologic features, overbu rden 
Location (s) :  Un ited Kingdom 
Wh ittaker, B. N . ,  J. H .  Pye .  Design and Layout 
Aspects of Lon gwal l  Methods of Coal M in i ng .  I N :  
Design  Methods i n  Rock Mechanics, Proceedings 
1 6th Symposiu m  on Rock Mechan ics, Un iversity of 
M innesota , M in neapol is,  September 22-24, 1 975,  
C .  Fa irhu rst and  S . L. Crouch ,  eds . ,  ASCE,  New 
York, 1 977,  p .  303-3 1 4. 
The factors inf luencing the layout of longwa l l  
coa l  m in i ng  workin gs a re exam ined on the  basis of 
experience ga ined in Eu ropean coa lfields . An ac­
count  is  given of the main  design aspects that need 
consideration when a longwal l  layout is p lanned .  A 
selection procedu re for panel  layout is described . 
The strata mechanics of u nderground min ing  
associated with the longwal l  method are d iscussed 
with specia l  reference to effective strata contro l .  
Keyword (s) : m ine  des ign,  longwal l ,  ground 
contro l ,  coa l  min ing,  overbu rden 
Location (s ) :  Eu rope 
Wh ittaker, B.  N . ,  C .  D .  Breeds . The Inf luence of 
S u rface G eology on the Character of Min ing  
S u bsidence . IN :  Proceedings of I nternationa l  
Sympos ium on the Geotech nics of Structu ra l ly 
Complex Formations, Capri, Italy, 1 977,  
Association G eotechn ica I taly, M i lan ,  v. 1 ,  p .  
459-468 . 
Th is paper describes the principles of m in in g  
subsidence associated with the working o f  pre­
dominantly level coal seams .  
Keyword {s ) :  surface structura l damage, 
subsurface structu ral damage, geolog ic featu res, 
coal  m in ing ,  geotechn ical 
Location (s) : Eng land 
Wh ittaker, B .  N . , J .  H .  Pye . G round Movements 
Associated With the Nearsurface Construction 
Operations of a Mine Drift in  Coal Measures Strata . 
I nternationa l  Journa l  of Rock Mechan ics and M in i ng  
Sciences & Geomechanics Abstracts, v .  1 4, n o .  2 ,  
March , 1 977,  p .  67-75 . 
Keyword (s) :  overburden , rock mechan ics, 
subsurface su bsidence damage, coal m in ing  
Wh ittaker, B .  N . , H .  I .  Haz i ne .  S imu lation of  S u rface 
Subsidence Due to Longwal l  M in i ng .  I N :  Pro­
ceed ings, 1 9th U .S . Rock Mechan ics Sympos ium,  
Statel ine, NV,  May 1 -3 ,  1 978 ,  Mackay School  of 
Mines, Reno, p. 2 2 1 -22 8 .  
Th is paper reviews coa l -m in ing  su bsiden ce 
knowledge and related problems due to longwa l l  
extraction in Eng land,  with consideration g iven to 
f indings based on model ing  of su rface subsidence 
by a fi n ite element method . The auth ors present 
and discuss the resu lts of isotropic and an isotropic 
solutions .  The treatment of surface stra in  is d is­
cussed and the va l id ity of deriving  stra in  from 
ground curvatu re examined . The paper concludes 
with the authors 1 f ind ings on the model i ng  of su r­
face su bsidence us ing a f in ite element method,  and  
examples are g iven of  its appl ication to  cu rrent 
min ing su bsidence problems in  the Un ited Kin gdom . 
Keyword{s) : vertical d isplacement, h orizonta l  
d isplacement, longwal l ,  prediction , model i ng ,  f in ite 
element, coal m in ing  
Location (s) : Un ited Kingdom 
Whittaker, B .  N . ,  R .  N. S ingh . Design and Stab i l ity 
of P i l lars in Longwal l  M in i ng .  The M in i ng  Eng ineer, 
Ju ly 1 979 ,  p. 59-70.  
Th is paper briefly reviews the circumstances of 
the use of rib p i l lars in longwal l  m in ing  and con­
siders the u lt imate strength approach to p i l lar  
des ign  for  use in longwal l  layouts . Both average 
p i l lar  stress and peak stresses are examined . 
Attention is focused on the inf luence of r ib p i l lars 
on gate roadway stabi l ity and the scope for re­
duc ing rib p i l lars is d iscussed . S pecial  comments 
are made on the rib p i l lar  versus no rib p i l lar  
argument for longwal l  layout p lan n i n g .  Gate road­
way stabi l ity in relation to var ious rib p i l lar  con­
ditions is examined . The paper presents severa l 
field observations and discusses p i l lar  stab i l ity with 
reference to subsidence and mine  barrier 
requ i rements . 
Keyword (s} :  mine design ,  p i l lar  strength , coa l 
m in ing ,  longwa l l  
Location (s ) :  Un ited Kingdom 
4 1 0 
Wh ittaker, B .  N .  I nvestigation and Eva luation 
Studies of S u rface and S u bsurface Dra inage Pattern 
Changes Resu lting  from Longwa l l  M in ing  
S u bsidence . Presented at  1 st I nternationa l  M ine  
Dra inage Symposiu m ,  Denver, CO, May 20-23 ,  
1 979 ,  25  p . ;  ava i lable u pon requ est from A .J .  
Fejes, U .S .  Bureau of  Mines,  Denver, CO . 
This paper g ives a general review of subsidence 
characteristics associated with longwal l  m in ing;  it 
describes test i nstru ments designed to investigate 
the zones of increased permeabi l ity resu lt ing from 
longwal l  extraction . 
Keyword (s) : surface water, subsurface water, 
su rvey equ ipment, longwal l ,  hydrology 
Wh ittaker, B. N . ,  R. N .  S ingh , C. J .  Neate . Effect of 
Longwal l  M in ing  on G round Permeabi l ity and 
S u bsurface Dra inage . I N :  Proceedings, 1 st 
I n ternationa l  Mine Dra inage Symposium, Denver, 
CO, 1 979 ,- G . O .  Arga l l  and C . 0 .  Brawner, eds . ,  p .  
1 6 1 - 1 83 .  
Keyword (s) : longwal l ,  hydrology, subsurface 
water, coal m in ing  
Wh ittaker, B .  N . ,  A .  G .  Pasameh metog lu . G round 
Tilt in  Relation to  S ubsidence in  Longwa l l  M in i ng .  
I nternationa l  Journa l  o f  Rock Mechan ics and Min ing 
Sciences & Geomechan ics Abstracts, v .  1 8 , no.  1 4, 
August, 1 98 1 ,  p .  32 1 -3 2 9 .  
O bservations o f  ground ti lt ar is ing from longwal l  
m in i ng  su bsidence were made us ing a d irect 
method involving  tria ls with an electrolevel .  The 
resu lts are compared to ti lt derived by precise 
level l i ng  and by a cu rrent pred iction method . The 
electro level proved to be h igh ly successfu l in 
investigating ground  ti lt changes and enabled 
variations not h ith erto appreciated to be examined . 
Su bsidence and ang le  of draw were investigated , 
and  the electro level was u sed to determine when a 
s ign ificant change in ground ti lt condition occurred 
owing  to the approach of m in ing  subsidence effects 
towards su rface structu res . 
Keyword (s ) :  longwal l ,  rock mechan ics ,  
h orizontal d isp lacement, ang le of  draw, surface 
structu ra l damage,  mon itoring methods, survey 
methods, coa l m in ing ,  vertica l d isplacement 
Location (s) : Un ited Kingdom 
Wh ittaker, B .  N . ,  D. J.  Reddish . M in ing  Subsidence 
in Longwal l  M in i ng  with S pecial Reference to the 
Pred iction of S u rface Stra ins .  I N :  Proceedings,  2nd 
I n ternationa l  Conference on Stabi l ity in Under­
ground M in ing ,  1 984, A . B .  Szwilski and C . O .  
Brawner, eds . ,  S M E-AI M E, New York, p .  576-5 8 8 .  
Keyword (s) : longwal l ,  coal m in ing ,  pred iction ,  
horizonta l  d isplacement 
Wh ittaker, B .  N . , D. J. Reddish ,  D .  J. F itzpatrick .  
Ground Fractu res Due to Longwa l l  M in ing 
Subsidence . IN :  Mine Water, Proceedings 2nd 
I nternationa l  Congress, G ranada,  S pa in , September 
1 985 ,  R .  Fernandez-Rubio,  ed . ,  v .  2 ,  p .  
1 057- 1 07 2 .  
This paper d iscusses experimental resu lts o f  a 
large model employed to study fracture 
development in the gro.und  overlying  longwal l  
m in ing  operations .  The model uses gravity loadi ng  
only as the  means of  developing caving and  
fractu r ing of  the  ground above the  longwal l  
excavation . The resu lts show fractu re development 
and caving propagation as a longwa l l  face develops 
from its starting point.  The effect of rock strength 
in the immediately overlyin g  roof is  d iscussed in 
relation to subsidence development.  S pecia l  . 
attention is focused on su bsidence development to 
aqu ifer horizons .  The th ickness of cover between 
the mine horizon and overlying  bodies of su rface 
water (e .g . ,  rivers and the sea ) is considered i n  
relation to  u nderground excavations .  The  paper 
concludes with a general d iscussion on gu idel i nes 
for u ndermin ing  aqu ifers and surface water bodies 
with special reference to longwal l  operations .  
Keyword (s) : subsurface water, surface water, 
hydrology, longwa l l ,  overburden , geolog ic  features, 
model ing ,  vertical d isp lacement, inflow 
Location(s ) :  Un ited Kin gdom 
Wh ittaker, B.  N. Su rface Subsidence Aspects of 
Room and Pi l lar  M in i ng .  M in ing  Department 
Magaz ine,  Un iversity of Nottingham,  v. 37, 1 985 ,  
p .  59-70.  
This paper reviews the forms of su bsidence 
behaviou r observed with room-and-p i l lar  m in i ng  of 
stratified mineral deposits . The factors govern ing  
surface su bsidence behaviour  are examined and 
design procedu res are d iscussed . The long-term 
aspects of subsidence occu rri ng  above such m ine  
workings are discussed as are instru mentation and 
remed ia l  measu res ava i lable to  assist in  mon itorin g  
a n d  contro l l ing su bsidence development. 
Keyword (s) : room-and-pi l lar, surface subsidence 
damage, coal m in ing ,  geologic features, p i l lar  
strength 
Location (s) :  Un ited Kingdom 
Wh ittaker, B .  N . ,  D. J. Reddish , D .  Fitzpatrick.  
Calcu lation by Computer Program of M in ing  
Subsidence G round Stra in  Patterns Due to  M u lt ip le 
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Lon gwal l  Extractions .  M in ing  Science and 
Tech nology, v .  3 ,  1 985 ,  p .  2 1 -33 . 
The general  character of surface ground stra ins 
u nder conditions in the Un ited Kingdom is discussed 
with particu lar  reference to calcu lation of principa l  
stra ins  at the su rface for mu ltip le-seam longwa l l  
extractions .  The  program uses data from the 
Nationa l  Coal Board S u bsidence Eng ineers ' Hand­
book as the basis for its calcu lations .  The princi ple 
of su perposition is then appl ied to extend s ing le­
pane l  data into mu lti -panel  data . Examples of the 
g raph ical  capabi l ity of the program and of possible 
app l ications are inc luded in  the d iscussion . 
Keyword (s } :  computer, longwal l ,  pred iction , 
Nationa l  Coal Board 
Location (s) : Un ited Kingdom 
W hittaker, B .  N . ,  S.  F .  Smith . Stabi l ity and 
O perationa l  Aspects of Room an� Pi l lar M in ing  in  
U K  Sedimentary l ronore Deposits . I N :  Underground 
M in i ng  Methods and Technology, A .B .  Szwilski and 
M .J .  R ichards, eds . ,  1 987 ,  E lsevier, p .  393-402 . 
Keyword (s) : room-and-p i l lar, meta l min ing,  
active mines 
Location (s ) : Un ited Kingdom 
Wh ittaker, B .  N . ,  R. C .  Frith . Aspects of Chain Pi l lar 
Design  in  Relation to Longwal l  M in i ng .  I N :  
Proceedi ngs,  6th I nternationa l  Conference on 
G round Control in M in ing ,  June 9- 1 1 ,  1 987 ,  S .S .  
Pen g ,  ed . ,  West Virg in ia  Un iversity, Morgantown , 
p .  1 72- 1 8 2 .  
The paper examines t h e  role of cha in  p i l lars i n  
longwal l  m in ing  layouts as used in  severa l coun ­
tries . The appl ication of  cha i n  p i l lars in relation to 
the ir  expected design role is d iscussed . An impor­
tant featu re is the specification of the p i l lar  design 
to meet strata load ing conditions as imposed by the 
m in i ng  and geological  settin g .  The paper relates 
longwa l l  width and cha in  p i l lar  configurations to 
p i l lar  s ize to satisfy anticipated loading and strength 
expectations .  Reference is  made to laboratory work 
that examines criteria for p i l lar  stab i l ity . 
Keyword (s) :  p i l l ar  strength,  mine design ,  
longwa l l ,  coal m in ing  
Location (s ) :  Eu rope, Un ited States, South 
Africa , Austra l ia ,  Un ited Kingdom 
Wh ittaker, B .  N . ,  R .  C. Frith . Design of Su pport 
Systems for M in ing  Tun ne ls in Carbon iferous  Rock 
Conditions .  I N :  Proceedings,  6th I nternation a l  
Conference on G round Control in Min ing,  June 
9- 1 1 ,  1 987 ,  S .S .  Peng ,  ed . ,  West Virg in ia 
Un iversity, Morgantown , p .  258-270.  
The paper briefly reviews the type of su pport 
and stabi l ity problems encountered i n  m in i ng  
tu nne ls i n  the  Un ited Kin gdom . Stab i l ity pred ict ion 
of m in i ng  tu n nels is d iscussed and a computer­
based model dea l i ng  with stratified rock cond itions  
is described . Various schemes for  mon itor:i n g  the 
stabi l ity of m in ing  tu n nels a re examined and the 
appl ication  of the resu lts d iscussed . Comparisons  
between pred icted and measured closure va l ues a re 
presented for a major coal-m in i ng  tu n n el l i ng  project . 
Conclus ions are drawn concern ing  the appl ication 
of  the present prediction techn ique  together with 
the importance of undergrou nd mon itori ng . 
Keyword (s ) :  tu n nel l i ng ,  coal m in i ng ,  computer, 
model i ng ,  geologic featu res, pred iction , roof 
stabi l ity, floor stabi l ity, rock mechan ics, 
instrumentation,  g rou nd  control 
Location (s) : Un ited Kingdom 
Whittaker, B .  N . ,  D .  J .  Reddish . Subsidence 
Occu rrence, Prediction and Contro l .  Developments 
in Geotechn ical Eng ineeri ng  56,  E lsevier Science 
Publ ishers, Amsterdam, 1 989 ,  528 p.  
Su rface subsidence is recogn ized as a problem 
i n  most cou ntries, particu larly those with s ign ificant 
m in i ng  and other u n derground  resou rce extraction  
industries . Th is  book addresses the problems 
relati ng  to subsidence, whether caused n atura l ly or 
by m in i ng  or other forms of u n derground  extractive 
activity .  Its ma in  purpose is to bri ng  together sub­
sidence knowledge, experiences, and research 
fi nd ings in many countries and rationa l ize such 
information especial ly in  respect to its particu lar  
field of  appl ication . Emphasis has been g iven to 
col lating  field data on subsidence from different 
countries in  order to make d irect comparison s .  
Pred iction of su bsidence, particu larly its occu rren ce 
and genera l  characteristics has been seen as an  
important area where the  book can contribute 
s ign ificantly in  terms of reviewin g  avai lab le 
knowledge, methods, scope of appl ication , and 
orders of accu racy achieved . The book a lso 
examines methods of contro l l i ng  subsidence and  
d iscusses the  response of  surface structu res to  and  
protection aga inst subsidence . 
Keyword (s ) :  geologic featu res, non-metal 
m in i ng ,  h istorical ,  prediction , longwal l ,  eng ineeri ng ,  
pred iction theories, profi le function , empir ical 
model, i nf luence function ,  model i ng ,  phenomeno­
logical model, coal m in i ng ,  computer, h orizontal 
d isplacement, vertical d isplacement, mu ltip le-seam 
extraction , tu n ne l l i ng ,  room-and-pi l lar, longwa l l ,  
subsurface water, t ime factor, an gle of  draw, f lu id 
extraction,  oi l  extraction ,  abandoned m ines, active 
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mines,, meta l m in i ng ,  surface structu ra l damage, 
backfi l l i ng ,  mine waste, overbu rden , f in ite element, 
zone area 
Location (s) : Un ited Kingdom, Austra l ia ,  France, 
South Africa, Yugoslavia, Japan ,  I nd ia ,  Un ited 
States, Pen n sylvan ia ,  I l l i nois,  Lou is iana,  S pa i n ,  
Canada,  Czechoslovakia 
Wh ittaker, B. N . ,  P .  Gaskel l ,  D. J. Reddish . 
S u bsu rface G rou nd  Stra i n  and  Fractu re 
Development Associated with Longwa l l  M i n i n g .  
M i n i n g  Sc ience and  Technology, v .  1 0, n o .  1 ,  
January, 1 990, p .  7 1 -80.  
Experiments employin g  physical  model i ng  to 
study ground  behavior above longwal l  faces i n  
d ifferent geological  condit ions  are reported . The 
development of subsurface fractu res from longwa l l  
m i n i ng  extract ions, and  the resu lti ng  pri ncipa l  stra in  
patterns are described . The s ign ificance of  the 
stra i n  patterns i n  relation to the m in i ng  d imensions 
and  the geologica l  setti ng  i n  terms of rock stren gth 
are discussed . The effect of fau ltin g  on subsidence 
behaviour  is a lso considered . 
Keyword (s ) :  overburden ,  geologic features, 
model i ng ,  longwal l ,  rock mechan ics, coal m in i ng ,  
prediction ,  i nstru mentation 
Location (s) : Un ited Kin gdom 
Wh ittaker, B .  N . ,  D.  J .  Reddish , G.  S u n . M ine  
Des ign  and  Pla n n in g  Aspects : Undermin i ng  Aqu ifers 
and  S u rface Water Bodies . I N :  Proceedings 4th 
I nternationa l  M inera l Water Association Congress, 
Lju bljana  (S loven ia ) -Portschach (Austria ) ,  
September, 1 99 1 ,  p .  1 99-2 1 0 . 
The paper discusses the development of 
fractu res associated with undergrou nd  m in i ng  
operations .  Physical  model i ng  test resu lts are 
compared with f ie ld observations and assessed by 
f in ite e lement and  image an alysis techn iques .  
G enera l comments are made regard ing  the influence 
of geological  factors such as l ithology, rock 
strengths,  and  hydrogeology in relation to the 
design and pla n n in g  aspects of u n dergrou nd  mines.  
Keyword (s) :  overburden , model i ng ,  f in ite 
element, geologic featu res, rock mechan ics, 
hydrology, subsurface water, surface water, 
longwal l ,  stowing ,  coal m in i ng ,  physica l model,  
inflow 
Location (s) : Un ited Kingdom 
Wh itworth , K.  R. I nduced Changes in  Permeabi l ity 
of Coal Measure Strata as an I nd icator of the 
Mechan ics of Rock Deformation Above a Lon gwall 
Coal Face . I N :  Strata Mechan ics, Proceed ings of the 
Sympos ium,  Un iversity of Newcastle-u pon-Tyne ,  
Apri l ,  1 982 ,  l .W .  Farmer, ed . ,  E lsevier, New York, 
p. 1 8-24. 
I n  the Coal Measures of South Staffordsh i re 
below the unconformity at the base of Trias,  there 
is a zone of increased fissu re permeabi l ity and 
porosity in wh ich  most sandstones and coals give 
smal l  makes of water .  Occasiona l ly, cons iderably 
larger f lushes have occu rred on longwal l  coal faces 
working in or close to th is zone, even though these 
faces are at levels much further below the Trias 
u nconformity than the m in imum 60 m permitted . 
One such f lush at West Cannock Col l iery and the 
resu ltant investigation boreholes are described . The 
information gained from these boreholes demon­
strated the existence of tens i le  zones in the form of 
bed separations that occur  in a reg u lar  geometric 
pattern relating  to a series of beams of u n iform 
th ickness over the edge of a worked panel . 
Keyword (s) :  overburden , longwal l ,  subsurface 
water, hydrology, rock mechan ics, coal m in ing ,  
geologic featu res,  inflow 
Location (s ) :  Un ited Kin gdom 
Wiborg , R . ,  J.  Jewh u rst . Ekofisk S u bsidence 
Deta i led and Solut ions Assessed . O i l  and G as 
Journa l  (Technology) , February 1 7, 1 986,  p .  47-5 1 .  
Keyword (s) :  o i l  extraction 
Wickham,  G .  E. Support Determination Based on 
Geologic Predictions . I N :  Proceedings,  Rapid 
Excavation Tu nne l l ing Conference, AI M E, 1 972 ,  p .  
43-64. 
Keyword(s) : geologic featu res, tunne l l i ng ,  roof 
support 
Location (s ) :  Un ited States 
Wier, C. E . ,  F. J .  Wobber, 0 .  R .  Russel l ,  R. V .  
Amato . Study of  Appl ication of  ERTS--An I magery 
to Fracture Related Mine Safety Hazards in the Coal 
Mining I ndustry . Earth Satel l ite Corporation,  
Wash ington , D .C . ,  May, 1 973,  1 5  p .  (NTIS 
E73- 1 068 1 ) 
Keyword (s ) :  m ine operation , m ine  safety, 
survey methods, photography, coa l m in ing ,  remote 
sensing 
Location (s ) :  Un ited States 
Wier, C. E . ,  F. S .  Wobber, 0 .  R .  Russel l ,  R .  V .  
Amato, T .  V .  Leshendok . Relationsh ips o f  Roof Fa l ls  
in  Underground Coa l M ines to Fractures Mapped on 
ERTS-1 I magery.  I N :  Proceed ings,  2nd Sympos ium 
on ERTS- 1 I magery, 1 973,  NASA Pu bl ications,  
NASA S P-35 1 .  
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Keyword (s) :  roof stabi l ity, photography, coal 
m in i ng ,  remote sens ing 
Location (s ) : Un ited States 
Wiggi l ,  R .  B. The Effects of Different Support 
Methods on Strata Beh avior Around Slop ing 
Excavations .  Journa l  South African I nstitute M in ing  
& Meta l lu rgy, v .  63,  Apri l ,  1 963, p .  3 9 1 -426 .  
Keyword (s) : g round control 
Location (s ) : South Africa 
Wi id ,  B. L .  The I nf luence of Moistu re Upon the 
Strength Behavior of Rock.  Ph . D .  Thesis, Un iversity 
of Witwaterstrand,  1 967,  1 84 p .  
Keyword (s) : rock mechan ics, lab testing  
Wi id ,  B .  L .  The I nf luence of  Moistu re on the  Pre­
Ru pture Fractur ing of Two Rock Types . I N :  
Proceed ings,  2 n d  Internationa l  Co,pference o n  Rock 
Mechan ics,. Belgrade, v. 2, 1 970, p. 239-245 . 
Keyword (s) :  rock mechan ics, lab test ing 
Wi ldanger, E .  G . , J .  Mahar, A.  Nieto . Mine 
S ubsidence Report St .  David,  I l l i nois, S inkhole Type 
S u bsidence Over Abandoned Coa l Mines in St .  
David,  I l l i no is .  Abandoned M ined Lands Reclamation 
Counc i l ,  S pringfie ld,  I L, 1 980, 88  p .  
On J u n e  2 6 ,  1 979 ,  the I l l i nois Abandoned 
M ined Lands Reclamation Counci l  (AM LRC) entered 
into cooperative agreement with the Federa l Office 
of S u rface M in ing  (OS M)  to perform two tasks 
related to m ine  su bsidence i n  the Vi l lage of St .  
David .  The fi rst and most immed iate task involved 
the repa ir  of a road damaged by mine subsidence . 
As a second task, OSM authorized the AMLRC to 
conduct a study of m ine  su bsidence cases in St .  
David and the su rround ing area . This work has been 
completed and the find ings are presented . 
Keyword (s) : abandoned mines, coa l m in ing ,  
su rface structural damage,  roads, reclamation 
Location (s ) : I l l ino is, I l l inois Coal Basin ,  Un ited 
States 
Wi ldanger, E . G . , J .  W. Mahar, A. Nieto . S inkhole­
Type Su bsidence Over Abandoned Coal Mines in St.  
David ,  I l l i no is .  Mine Su bsidence Report, St. David, 
I l l i nois . Departments of Civi l  Engineering and 
G eology, Un ivers ity of I l l ino is at Urbana-Champaign ,  
J une ,  1 980, 8 8  p .  
This report examines the geologic cond it ions, 
m in i ng  h istory, su bsidence trends, and damage in  
the a rea . A large section is devoted to deta i led 
ana lyses of s in kholes and the mechan isms of 
s in khole formation . 
Keyword (s) : vertical d isplacement, horizontal 
displacement, surface structu ral damage, aban­
doned mines, coa l m in ing  
Location (s ) :  I l l ino is,  I l l i nois Coa l  Basin ,  Un ited 
States 
Wi ldanger, E. G . , J .  W. Mahar, J .  Sh ively, R .  D .  
G ibson . Mine Subsidence a t  the District 1 1  State 
Police Headquarters in Maryvi l le ,  I L. Abandoned 
Mined Lands Reclamation Cou nci l ,  Springfie ld,  I L, 
Progress Report :  May 1 2  to September 9 ,  1 980,  
47 p .  
Keyword (s ) :  surface structu ra l damage,  
abandoned mines, coa l min ing 
Location (s) : I l l i nois, I l l inois Coa l  Bas in ,  Un ited 
States 
Wildanger, E .  G .  S inkhole-Type S u bsidence Over 
Abandoned Coal M ines in  St .  David,  I l l i no is .  M . S .  
Thesis, Un iversity of I l l ino is at Urbana-Champa ig n ,  
1 980, 88  p .  
Keyword (s) :  coal m in i ng ,  abandoned m ines, 
surface structu ral damage, geologic featu res, lab 
testing,  l iteratu re search , overbu rden ,  subsurface 
water 
Location (s) : I l l inois, I l l i nois Coal Basin ,  Un ited 
States 
Wildanger, E . G . ,  A. Leung ,  J .  W. Mahar, R. A .  
Bauer .  M ine  Subsidence a t  the  North land Drive -
South land Court Area , Bellevi l le ,  I L. Progress Report 
for February 20 to June  30, 1 98 1 , Abandoned 
Mined Lands Reclamation Cou nci l ,  Springfie ld,  I L, 
1 98 1 ,  6 1  p .  
Keyword (s) :  surface structu ra l damage,  
abandoned mines, coa l min ing,  structu ra l  m itigation 
Location (s) :  I l l inois,  I l l i nois Coal Basi n ,  Un ited 
States 
Wi lde, P. M . ,  J .  M .  Crook .  The S ign ificance of 
Abnormal  G round Movements Due to Deep Coal 
Mining and Their Effects on Large Scale S u rface 
Development at Warrington New Town . I N :  G round  
Movements and  Structures, Proceed ings 3 rd 
I nternational  Conference, Un ivers ity of Wales 
I nstitute of Science and Technology, Card iff, 1 9 84, 
J . D .  Geddes, ed . ,  Pentech , London,  1 9 85 ,  p .  
240-247 . 
From the outset of development of Warr in gton 
New Town , a systematic approach to the problems 
of min ing  su bsidence has been adopted and one 
vital  component of th is has been the instal lation 
and mon itoring of an extensive subsidence leve l l i ng  
network. One objective of  th is work is  the 
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identification of distorted patterns of subsidence 
that can be fu rther investigated and,  if practical , 
su rface development delayed or restricted . 
Keyword (s ) :  surface structu ra l damage, land­
use p lan n ing ,  coa l m in ing ,  active mines, mon itor ing 
methods, abandoned mines,  geologic featu res 
Location (s) : Un ited Kingdom 
Wi lde,  P.  M . ,  J.  M. Crook .  The Mon itor ing of 
G round Movements and Their  Effects on S u rface 
Structu res - A Series of Case H istories . I N :  G rou nd  
Movements and Structu res, Proceed ings 4th 
I n ternationa l  Conference, Un iversity of Wales 
Col lege of Card iff, J u ly 8- 1 1 ,  1 99 1 ,  J . D .  Geddes, 
ed . ,  Pentech Press, London,  1 992 ,  p. 1 82- 1 89 .  
The a im of th is  paper i s  to present a series 
of case h istories con nected with land and its as­
sociated structu res that h ave been subject to 
settlements both con nected with the surface 
development of the land induc ing net increases 
in g round loading pressures · and/or underground 
coa l  m in i ng  operations,  wh ich  have involved partial 
remova l of g round support .  
Keyword (s ) :  surface structu ra l damage, coal 
m in i ng ,  geotech n ical ,  fou n dations,  partia l  
extraction , active m ines, soi ls ,  su rvey methods, 
mon itorin g  methods 
Location (s} : Un ited Kingdom 
Wi l l iams,  R. E . ,  S. D. Vincent, G. Bloomsburg . 
Hydrogeolog ic I mpacts of M ine  Design in  
Unsatu rated Rock.  M in ing  Eng ineering ,  October, 
1 990,  p. 1 1 77- 1 1 83 . . 
A model ing scheme is developed to s imu late 
the hydrogeologic effects of mine design and 
development in u n satu rated rock .  S imu lations are 
conducted us ing the UNSAT2 fin ite element com­
puter program and hydrogeolog ic data from the site 
of a p roposed m ined-out waste repository at Yucca 
Mounta in ,  Nevada . 
Keyword (s) : model ing ,  computer, mine des ign,  
hydrology, f in ite e lement, su bsu rface water 
Location (s) : Nevada, Un ited States 
Wi l l iamson , W .  H .  Hydrogeological Aspects of Coal 
M in ing  Under Stored Waters Near Sydney, 
Austra l ia . I N :  Sympos ium on Water in M in ing  and 
Underground  Works, S IAMOS--78 ,  Granada, Spa in ,  
1 97 8 ,  p .  309-328 . 
Hydrogeolog ical  evidence figu red importantly in 
a publ ic inqu i ry on whether coa l min ing shou ld be 
perm itted under the stored waters of f ive dams 
provid ing part of Sydney ' s  water su pply. Reference 
is made to the natural  groundwater reg ime, entry of 
water i nto existi ng  mines, and test bores showing 
aqu ifer systems to be reta ined over the workings .  
Estimates, based on water discha rge from the 
mines, are given of vertical permeabi l ity . It is con­
cluded it is practicable to mine u nder the stored 
waters without caus ing undue  leakage .  
Keyword (s) :  hydrology, subsurface water, coal 
m in ing ,  surface water, geologic featu res 
Location (s) :  Austra l ia  
Wi l l is, A.  J .  Surface Stabi l ity in  Areas Underla in  by 
Old Coal Workings .  M . S .  Thesis, Department of 
Engineering ,  Un iversity of Aberdeen , 1 97 6 .  
Keyword (s) :  abandoned mines,  coa l m in i ng  
Wi l l is ,  A.  J . ,  J .A . F .  Chapman . O ld  Coal Workings.,­
Cl ient, Consu ltant and Contractor .  G round 
Eng ineering ,  v .  1 3 , no .  1 0, 1 980, p .  2 2-3 9 .  
Keyword (s) :  abandoned mines,  coa l m in ing  
Wi lson, A.  A.  Geological Factors in  Land-Use 
Plann ing  at Aldridge-Brown h i l ls ,  West Mid lands .  I N :  
Plann ing and Eng ineering  Geology, Proceedings 
22nd Annua l  Conference,  Eng ineering G roup of the 
Geological Society, Plymouth Polytech n ic, Sep­
tember 8- 1 2 , 1 986,  M . G . Cu lshaw, et a l . ,  eds . ,  The 
Geological Society, London,  1 987 ,  p .  87-94.  
This paper is a verification of the plann ing  as i t  
affects futu re land use in a study area . Pi l lar  and 
sta l l  workings are a hazard . The effects of 
su bsidence induced by coal  m in ing  are g reatest in a 
fau lted area . Dry, abandoned coa l m ines and the old 
marl quarries overlying them are a major, control led, 
chemical waste disposa l fac i l ity . 
Keyword(s) : land-use p lann ing ,  abandoned 
mines, geologic featu res 
Location (s) :  Un ited Kingdom 
Wilson, A .  H.  A Laboratory I nvestigation of a High 
Modu lus Borehole Plug  Gage for the Measurement 
of Rock Stress . I N :  Proceedings 4th Sympos ium on 
Rock Mechanics, March 30-Apri l  1 ,  1 96 1 , H . L. 
Hartman ,  ed . ,  Bul letin 7 6  of the Mineral I ndustries 
Experiment Station ,  The Pen nsylvan ia  State 
Un ivers ity, Un iversity Park, p. 1 85- 1 95 .  
A sol id p lug of relatively h igh  modu lus  wi l l  
serve as  a su itable borehole p lug  gage  for 
measur ing change in  rock stress when the modu lus  
of  elasticity of  the  rock i s  not known . An est imate 
of the rock modu lus  wi l l  i ncrease the accuracy of 
the measu rement, even though th is  estimate may 
not be very precise . 
Keyword(s ) :  rock mechan ics, i n  situ test ing,  
mon itoring equ ipment 
4 1 5 
Wilson ,  A. H .  Conclus ions from Recent Strata 
Control Measurements Made by the Min ing  
Research Establ ish ment.  M in ing  Engineering ,  
Apri l ,  1 964, p .  3 67-380.  
Roof to floor convergence of  a normal ,  
adequ ately supported longwal l  face is shown 
to depend u pon several factors, inc lud ing face 
advance, extraction he ight, and depth of the 
worki n g .  The author presents a formu la  for the 
estimation of the expected convergence in  G reat 
Brita in ,  which is accu rate to with in  25% . 
Keyword (s) : m ine design ,  m ine  waste, g round 
contro l ,  roof stabi l ity, floor stabi l ity, longwal l ,  
prediction 
Location (s ) :  Un ited Kingdom, Europe 
Wi lson , A. H . ,  D. P. Ashwin .  Research I nto the 
Determ ination of P i l lar  S izes--Part I, An Hypothesis 
Concern i ng  P i l lar  Stabi l ity; Part I I ,  Measurements of 
Stresses in - Two Pi l lars at Lea Hal l  Col l iery .  The 
M in i ng  Eng ineer, v.  1 4 1 ,  J une,  1 972,  p.  409-430.  
Keyword (s ) :  room-and-pi l lar,  ground contro l ,  
m ine  design ,  p i l lar  strength 
Location (s) : Un ited Kingdom 
Wi lson , A. H .  P i l lar  Stabi l ity in Longwal l  M in ing . I N :  
State-of-the-Art of G round Control i n  Longwal l  
M in ing and M in ing  Su bsidence, September, 1 9 82 ,  
Y . P .  Chugh  and M.  Karmis,  eds . ,  S M E-AI ME ,  p .  
8 5-9 5 .  
Th is  paper discusses estimating t h e  design of 
supporting  p i l lars to permit the correct s it in g  of 
ma in  roadways . Th is  is important when laying out 
d istricts for longwa l l  extraction , particu larly if the 
resu lts of previous experience are not avai lab le in 
the area to be exploited . 
Keyword (s) : p i l l a r  strength , longwal l ,  coal 
m in i ng ,  mine design 
Location (s) : Un ited Kingdom 
Wi lson ,  E.  D. Progress Report ( Pt .  2 )  of Geologic 
Factors Related to Block Caving at San Manuel 
Copper M ine, Pina l  County, Arizona,  Apri l 1 95 6-
March 1 95 8 .  U .S .  Bureau of Mines R I  556 1 , 1 960, 
43 p .  
Keyword (s) : metal m in ing ,  geologic featu res 
Location (s ) :  Arizona,  Un ited States 
Wi lson , G .  V. Early Differential Subsidence and 
Configu ration of the Northern G u lf Coast Bas in  in 
Southwest Alabama and Northwest F lorida . G u lf 
Coast Association of Geological Societies 
Transactions,  v .  25, 1 975,  p. 1 96-206. 
Keyword(s } : fl u id extraction 
Location (s} : Alabama,  Florida, Un ited States 
Wi lson , I .  Su bsidence Prediction Over Room and  
P i l lar  M in ing  Systems . IN :  G round  Movements and  
Structu res, Proceedings 4th I nternationa l  Con­
ference,  University of Wales Col lege of Card iff, 
Ju ly 8- 1 1 ,  1 99 1 ,  J . D .  G eddes, ed . ,  Pentech Press, 
London , 1 992 ,  p. 223-242 . 
Measu rements taken over room-and-p i l lar  
min ing systems, where the p i l lars remai n ,  are rare 
in the Un ited Kingdom . Those avai lab le for con­
sideration , however, prove conclusively that 
su bsidence does resu lt from such m in ing  systems 
and by examination of  these recorded data , a 
prel im inary prediction model may be devised . The 
work described in  th is paper was in itiated in  order 
to provide some first steps towards a subsidence 
prediction model  for current and potentia l ly larger, 
future enterprises, perhaps in areas previously 
steri l ized due to the sensitivity of the su rface .  
Keyword (s} :  room-and-pi l lar, pred iction , coal 
m in ing ,  model ing 
Location {s) :  Un ited Kingdom 
Wilson , R.  G.  Source of G roundwater Enterin g  
Col l ieries Beneath Reservoirs . I N :  M ine  Water, 
Proceed ings 2nd Internationa l  Congress, G ranada ,  
Spa in ,  September 1 985,  R .  Fernandez-Rubio,  ed . ,  
v .  1 ,  p .  5 9-68 . 
Some col l ieries in New South Wales, Austra l ia ,  
operate beneath reservoi rs of  the Sydney water 
supp ly .  Specia l  conditions are imposed u pon m in i ng  
beneath the  reservoi rs .  H istorica l ly,  entry of  water 
into these col l ieries is m inor .  Dykes and fau lts 
normal ly have no effect. G roundwater systems are 
mainta ined even when major fractu res appear on 
the surface over areas of fu l l  extraction . I n  one 
col l iery, investigations have been undertaken to 
determ ine whether a reservoi r  is the source of a 
water inflow. Chemical ana lyses of the water have 
shown l ittle change and are d ifferent from those of 
the reservoi r .  
Keyword (s} : subsurface water, hydrology, coal 
m in ing ,  overbu rden , geologic features, mon itor ing 
methods, survey methods 
Location (s } :  Austra l ia 
Wi lson , T. H . ,  G .  He, W .  F .  Haslebacher .  Seismic 
Stud ies Over Active Longwa l l  Mines.  I N :  
Proceedings 7th I nternational  Conference on 
G round Control in Min ing ,  August 3-5,  1 9 88 ,  S . S .  
Peng,  ed . ,  Morgantown , WV, p .  28 9-302 . 
4 1 6 
Common offset and · refraction seismic data 
h ave been col lected over fou r  longwal l  panels at 
two locations in West Virg in ia . Su rveys were made 
prior to, du ring ,  and after m in ing  in  both areas .  The 
velocity of seismic wave propagation in the over­
burden rocks is  observed to decrease in response to 
pane l  emplacement.  Variations in the magnitude of 
th i s  reduction ,  apparent as an additiona l  fi rst arrival 
time delay in  the after m in ing  common offset sur­
veys, do not appear to correlate d irectly to the 
amount of subsidence that h as occurred . 
Keyword (s} :  active m ines, coa l m in ing ,  
longwal l ,  seismic, overbu rden 
Location (s) : West Virg i n ia ,  Appalach ian Coal  
Region , Un ited States 
Wi lson , W. E. Casing Fa i l u res in I rrigation Wells in 
an Area of Land Su bsidence, Cal iforn ia . Geological  
Society of America , Special  Paper 1 2 1  (abstract} ,  
1 969 ,  p .  323-324.  
Keyword (s} : fl u id extraction,  p ipel ines, uti l it ies 
Location (s } :  Cal iforn ia ,  United States 
Wi lson ,  W .  P. A Background to Mine Subsidence 
Legis lation in the State of New South Wales and 
the Duties and Fu nctions of  the Mine Subsidence 
Board . I N :  Proceedings 4th Annua l  Sympos ium on 
S u bsidence in  Mines, Wol longong,  Austra l ia ,  
Februa ry 20-22,  1 973,  A .J .  Harg raves, ed . ,  Aus­
tra las ian I n stitute M in i ng  & Meta l lurgy, l l lawarra 
Branch ,  Paper 1 3, p. 1 3- 1 -- 1 3-3 . 
S u bsidence due to m in ing  operations has 
a lways g iven some cause for concern to m in ing  
operators, underground  workmen,  su rface owners, 
and the pub l ic .  Th is paper describes events leading 
to the passage of mine su bsidence legislation , then 
deta i ls  the mine su bsidence compensation acts of 
1 928  and 1 96 1 . The present Mine Su bsidence 
Board is  constituted under the 1 96 1  Act and is  
responsib le for its admin istration . 
Keyword (s ) :  law, govern ment, mitigation , 
su rface structural damage, h istorica l ,  i nsurance, 
active m ines, abandoned mines, coal m in ing  
Location (s) : Austra l ia  
Windes, S .  L .  Physica l  Properties of Mine Rock .  Part 
1 .  U . S .  Bureau of M ines R I  4459 ,  1 949, 79 p .  
Keyword (s) : rock mechan ics, lab test ing 
Location (s ) :  Un ited States 
Windes, S .  L .  Physical  Properties of Mine Rock.  Part 
2 .  U . S .  Bureau of M ines R I  4727,  1 950, 37  p .  
Keyword (s ) :  rock mech an ics, lab test ing 
Location (s ) :  Un ited States 
Winfie ld,  P. F .  Foundations for S ites Over Natura l 
Voids and Old Mine Workin gs .  I N :  M inework ings 
84:  Proceedings I nternationa l  Conference on 
Construction in  Areas of Abandoned Mineworkin gs,  
M.C.  Forde, B . H .V.  Topping,  and H .W.  Wh ittin gton ,  
eds . ,  Ed inburgh ,  Eng ineeri ng  Techn ics Press, 1 9 84, 
p .  266-272 .  
Keyword (s} : fou n dations,  abandoned mines,  
geologic featu res 
Winstan ley, A. Longwal l  Roof Control . 
Transactions,  I nstitute of M in ing  Eng ineers ,  v .  8 1 ,  
1 930-3 1 , p .  373-405; v .  82 ,  1 93 1 -32 ,  p .  1 07- 1 09,  
334-3 3 7 .  
T h i s  article covers convergence stud ies of roof 
contro l ,  and d iscusses the u se of packing  for roof 
su pport .  
. Keyword (s} :  longwal l ,  roof support, backfi l l i ng  
Winstan ley, A .  Strata Movements . Transactions,  
I nstitute of Min ing Su rveyors, 1 93 8 ,  v .  1 9 , Pt . 1 .  
Keyword (s) : g round control 
Winters, D . ,  C .  Y. Chen . Cu rrent Status of Federa l 
Regu lations and Ru lemaking  Govern ing  S u bsidence 
Due to Underground M in i ng .  I N :  Proceed ings,  2nd  
Workshop on Surface S u bsidence due  to 
Underground Min ing ,  Morgantown,  WV, June 9- 1 1 ,  
1 986,  S .S .  Peng ,  ed . ,  West Virg i n ia Un ivers ity 
Department of M in ing  Eng ineeri ng ,  p .  1 -5 .  
This paper d iscusses background ,  cu rrent 
regu lations, recent developments, and related 
issues of the Surface M in ing  Control and 
Reclamation Act (SMCRA) , wh ich  was enacted on 
August 3 ,  1 97 7 .  
Keyword (s) : law, government, reclamation , 
active mines, su rface structu ral damage, l and-use 
p lann ing  
Location (s) :  Un ited States 
Wintz ,  W. A. Jr . ,  R. G .  Kazman n ,  C. G .  Smith , Jr .  
Su bsidence and G round-Water Offtake in the Baton 
Rouge Area . Lou isiana  Water Resources Research 
I nstitute Bu l letin 6 ,  1 970, 90 p .  
Keyword (s} : fl u id extraction , subsurface water, 
hydrology 
Location (s) :  Lou is iana,  Un ited States 
Withers ,  R. J . , E. Nyland .  Theory for the Rapid 
Solution of Ground Subsidence Near Reservoi rs on 
Layered and Porous Media . Eng ineeri ng  G eology, v .  
1 0, 1 97 6, p .  1 69- 1 85 .  
Keyword (s) :  fl u id extraction , surface water 
4 1 7 
Woh l rab,  8 .  Effects of M in i ng  Subsidences on the 
G round Water and Remedial  Measures . I N :  Land 
Su bsidence, Proceed ings,  I ntern ational  Symposium,  
September 1 4- 1 8 , 1 969,  Tokyo, IAHS Publ ication 
8 9 ,  v .  2, p. 5 02-5 1 2 . 
Th is paper d iscusses the effects of min ing  
subsidence on g roundwater .  
Keyword (s) : subsurface water, hydro logy, land 
m itigation 
Wold, M .  B .  A Blocky Physical Model of Longwal l  
Cav ing Under Strong  Roof Conditions .  I N :  Research 
& Eng ineeri n g  Appl ications in  Rock Masses, 
Proceedings 2 6th U . S .  Symposiu m  on Rock 
Mechan ics, South Dakota School of M ines & 
Technology, Rapid C ity, June  26-28 ,  1 985 ,  E .  
Ashworth , ed . ,  Balkema,  Rotterdam, p .  1 007- 1 0 1 4. 
A wel l-sca led b locky physical  model was u sed 
to study the feas ib i l ity of longwal l  coal m in ing  u n ­
der strong  and massive sandstone roof condit ions .  
Cav ing spans a n d  he ight, bu lk ing factor, ang le of 
break, s u pport loads and their interaction with the 
structural geology are d iscussed with respect to 
predicted mine behavior. 
Keyword (s ) :  model ing ,  physical  model,  
longwa l l ,  roof stab i l ity, i nstrumentation , mu ltiple­
seam extraction 
Location (s) : Austra l ia  
Womack,  W .  R .  Detection of Sha l low Abandoned 
Room and P i l lar  Workings Using H igh Resolution 
Earth Resistivity . I N :  Proceedings Nationa l  
Sympos ium and Workshops on Abandoned Mine 
Lan d  Reclamation ,  B ismarck, ND, May 2 1 -22, 
1 984, L. L .  Sch loesser, et a l . ,  eds . ,  North Dakota 
Pub l ic  Service Commission and the Un iversity of 
North Dakota ,  p. 42-62 .  
H igh  resolut ion earth resistivity su rveys were 
conducted as portions of the site investigations at 
two abandoned coal m ine  sites in eastern Montana .  
The depth of  the  orig ina l  workings varied from 30  
to  70  feet, a lthough the  associated voids often 
occu r  at more sha l low depths due to roof col lapse .  
A proposed h ighway corridor was fou nd to  be 
u n dermined at fou r  locations,  resu lt ing in abandon­
ment of the corridor.  At a residential  s ite, excel lent 
del i neation of i nd ividua l  rooms and p i l lars was 
ach ieved . Experience at these and other sites 
shows that the tech n ique  is  conservative, i . e . ,  a l l  
known voids were detected, but  anomal ies were 
a lso detected that do not represent voids.  Most of 
the fa lse anomal ies occu rred in areas of rough  
terra in  and cou ld  be  resolved by considering site 
geomorphology. 
Keyword (s} : seismic, geophysica l ,  abandoned 
m ines, coa l  min ing,  surface structura l damage,  
roads 
Location (s } :  Montana ,  Rocky Mou nta in  Coal 
Reg ion,  Un ited States 
Wong, I .  G . ,  J .  R. Humphrey, W. J .  S i lva . 
Microseismicity and Subsidence Assoc iated with a 
Potash Solution Mine,  Southeastern Uta h ,  USA. I N :  
Proceedings 4th Conference o n  Acoustic Emission/ 
Microseismic Activity in  G eological  Structu res and 
Materia ls, Pen nsylvan ia ,  October 2 2-24, 1 985 ,  
Claustha l-Zel lerfeld, Trans Tech Pu bl ications,  1 98 9 ,  
p .  287-306 . 
M icroseismic activity was mon itored d urin g  a 
pumping-refi l l  cycle . Several thousand events were 
recorded that cou ld be classified as identical to 
reg ional  tectonic m icroearthqua kes or su rface wave 
l ike events, whcih are thought to be associated 
with col lapse of a p i l lar  in  the main  shaft .  M icro­
seismic activity was thought to be associated with 
su bsidence, but there is  a lso evidence of contribu­
tion due to loca l/tecton ic stress fields and pre­
existing zones of weakness . 
Keyword (s} : non-meta l m in ing ,  seismic 
Location (s } :  Utah ,  Un ited States 
Wood, C. C . ,  G .  J .  Renfrey . The I nf luence of M in i ng  
Subsidence on Urban Development of  I pswich , 
Queensland .  I N :  Proceedings,  2nd Austra l ia  and 
New Zea land Conference on Geomechan ics, 
Brisbane, I nstitute of Eng ineers of Austra l ia 
Publ ication 75/4, 1 975,  p .  4-9 .  
Keyword (s } :  land-use p lann ing  
Location (s} : Austra l ia  
Wood, P . A .  Underground Stowin g  of M ine  Waste . 
Internationa l  Energy Agency Coa l Report I 
CTIS/TR23 , Swiftprint of New Malden , Ltd . ,  
London,  Apri l ,  1 983,  67 p .  
This paper eva luates the effectiveness a n d  
characteristics o f  types of mine waste a s  a back­
f i l l ing material for use in active and abandoned coal 
mines . 
Keyword (s} : backfi l l i ng ,  mine waste, abandoned 
mines,  active mines, coa l m in ing  
Wood, R .  M . ,  G .  J .  Cola iz z i .  Overview of  Methods 
and Techn iques for the Reclamation of M ine  
Subsidence, Mine Dra inage, and Lands l ide Problems 
on Abandoned Mined Lands .  I N :  Proceedings 
Nationa l  Symposium and Workshops on Abandoned 
Mine Land Reclamation ,  Bismarck, N D, May 2 1 -2 2 ,  
1 9 84, L . L .  Sch loesser, et a l . ,  eds . ,  North Dakota 
4 1 8 
Pu bl ic Service Commission and the Un iversity of 
North Dakota , p .  248-2 7 6 .  
Th is paper describes su bsidence, m i n e  dra inage 
and  s lope stabi l ity ( landsl ides} problems related to 
abandoned mines lands .  D iscussions of subsidence 
inc lude pothole and trough-type su bsidence 
problems .  
Keyword {s } :  abandoned mines, coal m in ing ,  
reclamation , mine waste, mine tires, l and  
m itigation ,  backfi l l i ng ,  hydrau l ic backfi l l i ng ,  
pneumatic backfi l l i ng ,  local backfi l l i ng ,  g rout ing 
Wood, W .  0. The Permian Formation in East 
Du rham . Transactions,  I nstitute of Min ing  
Eng ineers, v .  65 ,  1 922-23,  p .  1 78;  v .  66,  
1 923-24, p .  1 96- 1 99 .  
Water-pumping stations were de-watering 
magnesian l imestones and caus ing su bsidence, 
wh ich was often b lamed on the extraction of the 
coa l far below. 
Keyword (s} : subsurface water, f lu id extraction , 
coal  m in ing  
Wright, F .  D .  Lateral Thrust, Bedd ing,  and Joint ing 
in  Roof Stabi l ity Calcu lation s .  I N :  G round Control 
Aspects of Coal M ine  Desig n ,  Proceedings Bu reau 
of M ines Techno logy Transfer Seminar, Lexington,  
KY, March 6,  1 973,  U .S .  Bureau of  Mines IC  8 630, 
1 974, p.  86-9 1 . 
I n  sedimentary formations, bedding p lanes are 
genera l ly fa ir ly smooth and flat, and the bond 
between the beds is weak .  Hence,  the roof rock 
over an u n derground open ing can become detached 
from the rock above to form a s lab or plate loaded 
by its own weight or additiona l ly by th inner, less 
rigid s labs above . 
Keyword (s} :  roof stabi l ity, geologic featu res 
Wright,  F .  D . ,  R .  C .  Howel l ,  J .  A. Dearinger .  Rock 
Mechan ics Study of Shortwa l l  M in ing .  F ina l  
Tech n ica l  Report, 30  Apri l  1 97 9 .  Un ivers ity of 
Kentucky, Lexington ,  Department of Energy 
contract, Apri l ,  1 979 ,  288 p. (NTIS PC A 1 3/MF 
A0 1 } 
Keyword (s } :  shortwa l l ,  rock mechan ics 
Location (s } :  Un ited States 
Wright, L .  The I nf luence of Subsidence on Coal 
Conservation . I N :  Proceedings 4th An nua l  
Sympos ium on Su bsidence in Mines, Austra las ian 
I nstitute of M in ing  & Meta l l u rgy, A.J.  Hargraves, 
ed . ,  Wol longong,  N .S . W . ,  Austra l ia ,  1 973,  p. 1 5- 1 -
- 1 5-9 . ( NTIS Accession No . 7 6-07944} 
Coal is a d imin ish ing asset that is not replace­
able . Considerable reserves are overla in  by stored 
water, and the confl icting interests of coa l m in ing  
and preservation of  water suppl ies must be recon­
ci led . The problems of  su bsidence effects are 
becoming of increasing importance .  However, 
accurate forecasts can be made on strata behavior, 
inc lud ing amount and extent of subsidence of the 
surface and interven ing strata . This wil l  permit the 
maximum recovery of coa l  consistent with 
adequate safeguards to surface features . 
Keyword (s) :  eng ineering ,  coal m in ing ,  
environ ment, surface water, subsurface water, 
surface structu ra l  damage, active m ines, inflow 
Location (s) :  Austra l ia  
Wu,  J . ,  S .  Zhao.  System Behavior Ana lysis of the 
G round Movement Around a Longwa l l .  I N :  Rock 
Mechan ics as a G u ide for Efficient Uti l i zation of 
Natu ra l  Resources, Proceed ings 30th U . S .  
Symposium,  1 989 ,  A . W .  Khair, ed . ,  Balkema, 
Rotterdam,  p .  845-852 .  
In  t h i s  paper, t he  surround ing rocks and  
supports in  a longwal l  are taken as an integral 
system .  The structu ral characteristics and behavior 
of the system are discussed based on in  s itu 
observations .  A set of equations, wh ich describe 
the interaction among the su pports, immediate roof 
and main roof, are developed . These equ at ions can 
be used to des ign longwal l  powered supports more 
reasonably and economical ly .  
Keyword(s ) :  longwal l ,  roof stabi l ity, model i ng ,  
roof support 
Location (s ) :  Ch ina  
Wu,  W . ,  C .  Haycocks . I nteraction During Over­
min ing  for Longwal l  Operations .  I N :  Proceedings 4th 
Annua l  Workshop Generic Minera l  Tech nology 
Center Mine Systems Design and G round Control , 
Moscow, I D, October 2 1 -26,  1 986,  Department of 
Min ing  and Minerals Enginee�ing ,  Virg in ia  
Polytech n ic Institute and State Un ivers ity, p .  45-56 .  
To  study the  interaction problems d u ring  
overmin ing  by  longwal l  methods, the  photoelastic 
model ing  method was used . Using  th is experimental 
stress ana lysis method, a ful l  d istribution of 
maximum shear stress field, as well as area of 
stress concentration ,  is easier to obta in  than 
th rough use of  nu merica l model ing methods such as 
fin ite element. 
4 1 9 
Keyword (s) : longwal l ,  model ing ,  mu ltip le-seam 
extraction , coa l m in ing  
Location (s) : Appalach ian Coa l Reg ion , Un ited 
States 
W u ,  W . ,  C. Haycocks, Y. Zhou . Design ing for 
I n teraction i n · C lose-Seam Mu lti-Seam M in i ng .  I N :  
Rock Mechan ics : Proceed ings of the 28th U . S .  
Sympos ium,  Tucson ,  AZ, J u n e  29-Ju ly 1 ,  1 987 ,  
l .W .  Farmer, et  a l . ,  eds . ,  Balkema, Rotterdam, p .  
1 1 07- 1 1 1 4 .  
Research into ground control problems resu lt ing 
from the m in i ng  of seams in  close proximity has 
been carried out us ing fin ite e lement and body­
loaded photoelastic mode l ing  methods in conjunc­
tion with statistici;tl  and empirical ana lysis of 
n u merous  case studies . As a resu lt of th is research , 
an  integrated design model has been constructed 
and formed the basis for a computer program 
( M S EAM)  that can ass ist field eng ineers in dea l i ng  
with i nteraction problems caused by mu lti-seam 
m in i ng . 
Keyword (s) :  mu ltip le-seam extraction,  f in ite 
e lement, model i ng ,  computer, ground contro l ,  
overburden ,  p i l lar  strength 
Location (s) :  Appa lach ian Coal Reg ion,  Un ited 
States 
W uest, W. J .  Contro l l ing Coal Mine Floor Heave : 
An Overview. U . S .  Bureau of Mines IC 9326,  1 992 ,  
1 7  p .  
Th is report presents an overview of  ground 
control considerations associated with floor heave . 
Factors affecting heave, such as in situ stress, floor 
characteristics, and mine  geometry are described . 
F loor-d isp lacement mon itoring and data ana lysis 
methods are outl i ned .  F ina l ly, f loor heave remedia­
t ion is d iscussed . The remedial  tech n iques are 
d ivided into fou r  categories: mine maintenance, 
su pplemental su pport, m ine  structu re,  and tech­
n iques for mu ltiple-seam operations .  Other subjects 
covered in the report inc lude laboratory and in-place 
test ing of floor rocks, case studies, effects of mine 
layout, determ ination of excess horizonta l  pressu re, 
and types of h eave fa i l u re .  The emphasis of this 
report is on practica l  considerations .  
Keyword (s ) :  f loor stabi l ity, coal m in ing ,  mine 
design ,  mu ltip le-seam extraction ,  lab testing ,  in s itu 
testing  
Location (s ) :  Un ited States 
Xiao, G .  C . ,  R .  A. I rvin ,  I .  W .  Farmer .  Use of 
Database in G round Control to Identify Weight ings 
and Water I nflows . I N :  Proceedings,  1 0th 
I nternational  Conference on G round Control in 
M in ing ,  June 1 0- 1 2 , 1 99 1 ,  S .S .  Peng ,  ed . ,  West 
Virg in ia University, Morgantown, p. 1 77- 1 83 .  
A database, incorporatin g  h istorical data from 
British m ines, to study the factors affectin g  inf lows 
from proximate aqu ifers into longwal l  workings,  
showed that a main causa l  factor was the im­
mediate roof strata l ithology. When th is comprised 
principa l ly stronger sandstone,  there was a ten­
dency for period ic i n rushes associated with face 
weighti ng .  This phenomenon is  exp la ined by the 
col lection of water in bed separation cavities, where 
free water connected to a h igh  pressu re head 
aqu ifer source, may be trapped . 
Keyword (s ) :  subsurface water, computer, 
longwa l l ,  hydrology, overburden , geologic featu res, 
roof stabi l ity, coal m in ing ,  inflow 
Location {s) :  Un ited Kingdom 
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Xu,  Z . ,  Y. Pan ,  D. Qi . The N u merical S imu lation of 
Lessen ing  the S u rface S u bsidence by G rout 
I njection . I N :  Computer Methods and Advances in  
G eomechan ics, Proceedi ngs 7th I nternationa l  
Conference, Cairns  OLD Austra l ia ,  May 6- 1 0, 
1 99 1 ,  G .  Beer, J . R . Booker, and J . P .  Carter, eds . ,  
v .  2 ,  Ba lkema,  Rotterdam, p .  1 4 1 7- 1 42 1 . 
I n  th is  paper, the test ing of grout i njection to 
lessen su rface subsidence is introduced, then the 
mechan ism of the reduction of su rface su bsidence 
is expounded . On the basis of the mechan ism,  a 
mathematica l  model is establ ished . F ina l ly, a 
n umerica l s imu lation is carried out .  
Keyword (s) : model i ng ,  computer, grouting ,  
mathematical model,  coa l m in i ng ,  active mines, 
m u lt ip le-seam extraction . ,  longwal l ,  su rface 
structura l damage 
Location (s) : Ch ina 
Yang,  G . ,  Y. P .  Ch ugh ,  Z .  Yu . Appl ication of a 
Laminated Model to Surface Subsidence Prediction : 
A Case Study. I N :  Proceed ings 4th Conference on 
G round Contro l for M idwestern U . S .  Coal M ines,  
Mt .  Vernon,  I L, November 2-4, 1 992 ,  Y. P .  Chugh  
and G .  Beasley, eds . ,  Southern I l l i nois Un ivers ity, 
Carbondale,  p .  329-342 . 
Th is paper presents the development of a 
nu merical model based on a laminated l inear elastic 
mechan ics model and the resu lts of its app l ication 
to prediction of subsidence due to coal m in ing  in  a 
south ern I l l i nois m ine .  The predicted vertical and 
horizontal surface d isplacements and associated 
d ifferentia l  movements, a long with their  comparison 
with field observations, are also inc luded . 
Keyword (s) : model ing ,  elastic model,  prediction , 
coal m in ing ,  vertica l d isplacement, h orizonta l 
d isplacement 
Location (s) :  I l l ino is,  I l l i nois Coa l Bas in ,  Un ited 
States 
Yang ,  G . ,  Y. P. Ch ugh ,  Z. Yu . A N umerical 
Approach to Subsidence Prediction and Stress 
Analysis in Coal M in ing  Using a Laminated Model . 
I N :  Proceedings,  34th U . S .  Rock Mechan ics 
Symposium,  1 99 3 .  
A th ree-dimensional  n u merica l model for the 
computation of ground movements and stresses 
due to coal m in ing  is presented . I t  is  based on a 
s imple stratified conti n u u m  model . Ana lysis 
techn iques for longwal l  panels with cha in  p i l l a rs ,  
room-and-pi l lar  workings and weak floor strata are 
d iscussed . The effectiveness of the model is 
demonstrated with a case study for a southern 
I l l inois coal m ine .  
Keyword (s) : pred iction,  coa l  m in i ng ,  model i ng ,  
bou ndary element, longwal l ,  room-and-pi l la r, f loor 
stabi l ity 
Location (s) :  I l l inois,  I l l inois Coal Basin , Un ited 
States 
Yao, J .  An Approach to Damage Assessment of 
Existi ng Structu res . Pu rdue Un ivers ity Report C E­
STR-79-4, Lafayette, I N, October, 1 97 9 .  
Keyword (s) :  su rface structu ra l damage 
Location (s) : Un ited States 
Yao, X. L . ,  D. J. Reddish ,  B. N .  Wh ittaker. 
Eva luation of Su bsidence Parameters for I nc l i ned 
Seams in UK Coalfields . I N :  Proceedings 1 0th 
I nternational  Conference on G rou nd Control in  
Min ing ,  June  1 0- 1 2, 1 99 1 ,  S .S .  Peng ,  ed . ,  West 
Virg in ia Un iversity, Morgantown , p .  225-23 2 .  
Th is paper ana lyses the effects of m in ing  
extraction geometry (width/depth ratio) and d ip  of 
seam on su bsidence parameters based on a large 
database, conta in ing  1 20 longwal l  min ing cases a l l  
with in  coalfie lds i n  the Un ited Kingdom . 
Keyword (s) : coa l m in ing ,  geolog ic featu res,  
computer, longwal l ,  vertica l  d isplacement, 
h or izonta l  d isp lacement, prediction,  National  Coal 
Board 
Location (s) : Un ited Kingdom 
Yao,  X .  L. ,  B .  N. Wh ittaker, D .  J.  Reddish . 
I nf luence of Overbu rden Mass Behaviou ra l  
Properties on S u bsidence Limit Characteristics . 
M in i ng  Science and Technology, v. 1 3 , no .  1 2 , 
1 99 1 ,  Amsterdam, p .  1 67- 1 73 . 
An ana lytical ca lcu lation model for the ang le  of 
draw is introduced in th is paper on the su pposition · 
that the roof is considered as an elastic bea m .  This 
model i nd icates the importance of the main factors 
that control the extent of subsidence produced on 
the su rface and a lso provides some appreciation of 
the infl uence of overburden strength on the ang le of 
d raw. A fin ite element model was developed for 
app l ication to su bsidence-related rock mechan ics 
problems .  
Keyword (s) : model ing ,  roof stabi l ity, 
overburden , ang le of draw, fin ite e lement, rock 
mechan ics, coal m in ing ,  geologic features 
Location (s) : Un ited Kingdom 
Yarbrough ,  R. E .  Effects of Mine Subsidence on 
Structures--Mine S u bsidence I nsurance Program in 
I l l i nois . I N :  Proceedings,  Workshop on S u rface 
S u bsidence Due to Underground Min ing ,  
Morgantown , WV, November 30-December 2 ,  
1 98 1 ,  S . S .  Peng and M.  Harth i l l ,  eds . ,  Department 
of M in i ng  Eng ineeri ng ,  West Virg in ia  Un iversity, . 1 98 2 ,  p .  253-258 . 
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As a resu lt of concern for I l l i nois citizens 
own ing  structures above abandoned mine workings, 
the I l l i nois State Leg is latu re passed House Bi l l  1 58 
in 1 97 8 .  Th is  b i l l  amended the I l l inois I nsurance 
Code and  created the Mine Subsidence Reinsurance 
Fund .  
Keyword (s) :  surface structural damage, 
eng ineeri ng ,  geotech n ica l ,  i nsurance, monitoring 
methods, survey methods, coal m in ing  
Location (s) : I l l i nois,  I l l i nois Coal Basin , Un ited 
States 
Yarbrough ,  R. E. Su rface Subsidence--An Overview. 
I N :  S u rface M in i ng  Envi ronmental Monitoring  and 
Reclamation Handbook, L .V .A.  Sendle in,  et  a l. ,  
eds . ,  Coal Extraction and Uti l i zation Research 
Center, Southern I l l inois University, Carbonda le ,  
U .S .  Department of Energy Contract No .  DE  AC22 
80ET 1 4 1 46,  Elsevier, New York, 1 983,  p .  
603-608 . 
This paper g ives a brief h istory of the 
systematic study of surface d istu rbance and 
describes the current leg islation u n der S MCRA 
( 1 977) . It introduces the book ' s  su bsidence chapter 
and the papers that fol low . 
Keyword (s) : l aw, subsidence research , 
govern ment, reclamation , h istorical  
Location(s) : Un ited States, Eng land 
Yarbrough ,  R .  E .  Mon itoring of Two Foundations 
Su bsided by a H igh Extraction Coa l  Mine,  Sesser, 
I l l i no is .  Phase I, Prel im inary Data . I N :  Proceedings,  
2nd Conference on G round Control Problems in  
the I l l i nois Coa l  Bas in ,  May 1 985 ,  Y. P .  C h u g h ,  ed . ,  
Southern I l l i nois Un iversity, Carbondale,  p .  
1 5 1 - 1 58 .  
The major objective of the research project is  
to mon itor the response of two con structed foun ­
dations to  ground movement induced by  subsidence 
from h igh -extraction coa l m in i ng .  The I l l i nois M ine  
Subsidence I nsurance Fund leased land for  the  
project for 3 years . 
Keyword (s) : abandoned mines, active mines,  
coa l m in ing ,  insurance, su rface structura l damage,  
subsurface structural damage, mon itor ing methods, 
mon itoring equ ipment, foundations,  structura l  
m itigation , vertical d isplacement, h orizontal 
d isplacement 
Location (s) : I l l i nois,  I l l ino is Coa l Basi n ,  Un ited 
States 
Yarbrough , R. E .  Digiti lt Ti ltmeter System Uti l ized to 
Mon itor Structu ra l Response to G round Movements 
I nduced by Coa l Mine Subsidence . The Ind icator, v .  
1 5 , no .  1 ,  1 986,  S lope I nd icator Co . ,  Seattle ,  WA, 
p. 6 .  
The I l l inois M i n e  Subsidence I nsurance Fund 
and the  US BM Twin Cities Research Center h ave 
chosen the Dig it i lt Ti ltmeter as an instrument to 
mon itor structu ral response to ground movements 
induced by coal mine subsidence. The Fund and 
the  Bureau sponsored a program to construct and 
mon itor two 30 x 40 foot fou ndations in front of a 
h igh -extraction panel  in Sesser, I l l i no is .  
Keyword (s) : foundations, mon itor ing 
equ ipment, computer, surface structu ra l  damage,  
h igh-extraction retreat, mon itoring methods, coa l  
m in ing  
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Location (s ) :  I l l i no is,  I l l ino is Coa l Bas in ,  Un ited 
States 
Yarbrough ,  R .  E . ,  L .  R. Powel l ,  L. A. Sneed, E. W .  
M u rphy.  Mon itor ing Horizontal Disp lacement a n d  
Ti lt Over a Longwal l  Pane l ,  West Fran kfort, I l l i no is .  
I N :  Proceedings,  3 rd Conference on Grou nd Contro l 
Problems in the I l l i no is Coal Bas in ,  Mt. Vernon,  I L, 
August 8- 1 0,  1 990, Y. P .  Chugh ,  ed . ,  Southern 
I l l i no is Un iversity, Carbondale,  p. 377-386 .  
I n  1 98 8 ,  t h e  I l l i nois M i n e  Su bsidence I nsurance 
Fund  and the USBM, in cooperation with Old Ben 
Coal Company, in itiated a mon itor ing program over 
an 850-foot-wide longwal l  panel  at a depth of 650 
feet near West Frankfort, I l l i no is .  This paper 
presents the response of the grou nd surface to 
vertica l ,  horizonta l ,  and ti lt d isplacements . Mea­
su ri ng  and understand ing the importance of these 
d isp lacements is necessary to develop a methodol­
ogy to better determine ground stra ins .  
Keyword (s) :  horizontal d isplacement, longwal l ,  
mon itoring  methods, vertical d isplacement, survey 
methods, su rvey equ ipment 
Location (s) : I l l i nois,  I l l ino is Coal Basin ,  Un ited 
States 
Yarbrough ,  R .  E . ,  J .  E. Feddock.  Horizonta l G round 
Movements and M in ing  Damage . I N :  M ine  
S u bsidence - Pred iction and  Control ,  Nationa l  
Sympos ium,  33rd An nua l  Meeting  Association of 
Eng ineering  G eolog ists, October 2-3, 1 990, 
Pittsburg h ,  PA, p .  1 65- 1 7 2 .  
This paper g ives an overview o f  research done 
i n  the Un ited States and abroad to predict and 
monitor grou nd movement caused by subsidence . 
Keyword (s) : h orizonta l d isplacement, vertical  
d isp lacement, pred iction , mon itor ing methods, 
fou ndations, coal m in ing ,  longwal l ,  surface 
structura l damage 
Location (s) : Un ited States, Eu rope, Un ited 
Kin gdom 
Yarbroug h ,  R. E. ,  L .  R. Powel l .  Longwal l  M in ing ,  
Pseudo-Su bsidence and the  H u man Factor .  I N :  
Proceed ings 4th Conference o n  G round Control 
for M idwestern U . S .  Coa l Mines, Mt. Vernon,  I L, 
November 2-4, 1 992 ,  Y. P .  Chugh and G .  Beas ley, 
eds . ,  Southern I l l i nois Un ivers ity, Carbondale, p .  
343-35 1 .  
Th is paper summarizes resu lts of research on 
mine su bsidence in  the I l l i nois Coa l Basin conducted 
by the I l l i nois M ine  S u bsidence Research Program 
and the US B M .  It  a lso suggests ways of dea l ing  
with surface and structu re owners who l ive over or 
near subsid ing areas .  
Keyword (s ) :  subsidence research , active m ines, 
model ing ,  pred iction,  surface structu ra l  damage, 
longwa l l ,  vertical d isplacement, h orizontal 
d isp lacement 
Location (s) : I l l i nois,  I l l inois Coal Basin ,  Un ited 
States 
Yerkes, R. F . ,  R. 0 .  Castl e .  Surface Deformation 
Associated With Oil and G as Field Operations in the 
United States . I N :  Land S u bsidence, Proceed ings 
I nternationa l  Sympos ium,  September 1 4- 1 8 , 1 969 ,  
Tokyo, IAHS Pub l ication 88 ,  v .  1 ,  p .  55-66 .  
Keyword (s } :  f lu id extraction , o i l  extraction 
Location (s ) :  Un ited States 
Yi , Y. H. Subsidence Due to Min ing . Thesis, 
Un ivers ity of Pittsburgh ,  PA, 1 92 5 .  
Keyword (s) : coa l m in ing  
Location (s) : Un ited States 
Yin-Hua i ,  L ,  Y. Ci-S h u ,  Z. B ing-Wen . M in ing  Under 
Rivers in  Fuxin Coal Mines . I N :  Proceedings 1 0th 
I nternational  Conference on G round Control in 
M in ing ,  June 1 0- 1 2, 1 99 1 ,  S .S .  Peng ,  ed . ,  West 
Virg in ia  Un iversity, Morgantown , p .  1 67:- 1 76 .  
I n  Fuxin Coal M ines, there are more th an 2 0  
mi l l ion tons of coal bu ried u nder seasona l  streams . 
The coa l seams are mostly sha l low .  The key to 
success in  min ing sha l low, under-stream coal 
seams, accord ing to the auth ors 1 ana lysis, is  that 
val leys or a l l uvia subside gently and basical ly 
evenly with contractib le tension f issures and that 
fissu res both in va l l eys or a l l uvia and in rock seams 
a re blocked u p  or sealed by  cohesive deposits either 
from a l l uvia or rock.  
Keyword (s) : surface water, overburden , coal  
m in ing ,  active mines,  longwa l l ,  i nflow 
Location (s) : Ch ina  
Yokel ,  F .  Y .  G u idel ines for  Hous ing Construction in 
Mine Subsidence Areas .  I N :  Eva luation and 
Prediction of Su bsidence, Proceedings I nternationa l  
Conference, Pensacola Beach , FL, January 1 5-20, 
1 978 ,  S . K. Saxen a, ed . ,  ASCE, New York, 1 979 ,  
p .  1 29- 1 39 .  
The pu rpose of this paper i s  to d iscuss 
suggested approaches to the problem of 
construction in su bsidence-prone areas .  The 
gu idel ines wi l l  have to address themselves to th ree 
areas :  ( 1 }  site eva luation to determine  su bsidence 
risks, (2 )  feas ib i l ity of constru ction of roads, 
uti l ities, and other improvements, and methods by 
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which subsidence effects on these faci l ities can be 
atten u ated, and (3 )  feas ib i l ity and methods of 
hous ing  construction in su bsidence areas .  
Keyword (s} : coa l  m in ing ,  room-and-p i l lar ,  
su rface structu ra l damage, land-use p lann ing ,  
uti l it ies, roads, construction , structura l mitigation , 
abandoned m ines, active m ines, horizonta l 
d isp lacement, vertical  d isp lacement, eng ineering 
Location (s ) :  Un ited States 
Yokel ,  F. Y. ,  L . A .  Sa lomone, R. M .  Chu n g .  
Construction o f  Hous ing in M i n e  Subsidence Areas . 
G eotech n ica l  Eng ineering  G roup, Structura l  and 
Materia l  Divis ion Center for  Bu i ld ing Technology, 
Nationa l  Eng ineering  Laboratory, Nationa l  Bureau of 
Standards, January 1 98 1 , 24 p. ( NTIS N BS I R  
8 1 -22 1 5 ) 
Th is  report eva l uates .criteria for site exploration 
and deve lopment, r isk assessment, and hous ing 
construction i n  areas of  actua l  and potentia l  m ine  
subsidence . Suggested measures to  m itigate 
damage to hous ing  are a lso g iven . The appendix 
exp la ins  a mathematica l model ,  which can be 
u sed for th e prediction of su bsidence profi le 
characteristics . 
Keyword (s) : vertica l  d isplacement, horizonta l 
d isp lacement, surface structu ral damage, g round 
contro l ,  construction,  math ematical mode l ,  
p red iction , eng ineering ,  structural  m itigation , land­
use p lan n i ng  
Yokel , F .  Y. , L . A .  Sa lomone, R .  E .  G ray. Housing 
Construction in  Areas of Mine Subsidence . Jou rna l  
G eotech n ical  Eng ineering  Division , American 
Society of Civi l  Eng ineers, v. 1 08 ,  no. GT9 , 
S eptem ber, 1 982 ,  W . F .  Marcuson I l l ,  ed . ,  p .  
1 1 33- 1 1 49 .  
Many a reas i n  the United States are u nderla in  
by abandoned mines and many more areas wi l l  be 
u n dermined i n  the futu re . As mine  cavities col lapse, 
they cause sett lement and grou nd  d istortions on the 
surface that may damage or destroy bu i ld ings and 
ut i l it ies . Many of  these su bsidence-prone areas 
are presently used or wi l l  be used in the future for 
residentia l  hous ing development.  Th ree problems 
associated with the development of mine sub­
s idence areas are addressed : site exploration and 
eva luation ,  site development, and housing con­
struction in  mine su bsidence areas .  This paper is 
derived from a study sponsored by the Department 
of Hous ing and Urban Development. 
Keyword (s) : eng ineering ,  construction , 
prediction,  su rface structu ra l damage, abandoned 
m ines,  uti l it ies, l and-use p lann ing ,  active mines, 
coal min ing,  horizontal d isplacement, vertica l  
d isplacement, p ipel ines, roads, foundations,  
Nationa l  Coal  Board 
Location (s) :  Un ited States 
Young ,  C. M .  Subsidence Around a Sa lt Wel l .  
Transactions, AI ME,  v .  74, 1 926,  p .  8 1 0-8 1 7 . 
This paper conta ins observations of subsidence 
of a salt wel l i n  Kansas, as wel l  as a description of 
su bsidence over a su lfu r depos�t .  
Keyword (s) : non-metal m in ing ,  surface 
su bsidence damage 
Location {s) : Kansas, Un ited States 
Young,  L .  E. Surface Subsidence in I l l i no is Resu lt ing 
from Coal  Min i ng .  I l l inois State Geologica l  S u rvey, 
Min ing  I nvestigation Bu l letin 1 7, 1 9 1 6, 1 1 3 p .  
The auth or examines case stud ies of 
subsidence due to min ing  operations in I l l i no is .  
Keyword (s) : coal m in ing ,  su rface structu ra l  
damage, subsu rface structu ra l  damage, m ine  
design ,  h istorica l ,  backfi l l i ng ,  room-and-p i l lar,  
ground contro l ,  descriptive theories 
Location (s} : I l l i nois,  I l l ino is Coal Bas in ,  Un ited 
States 
Young,  L. E . ,  H .  H .  Stoek . S u bsidence Resulti ng  
from Min i ng .  Un iversity of  I l l ino is Eng ineerin g  
Experiment Station Bu l letin 9 1 ,  v .  1 3 , n o .  49,  
August 1 9 1 6, 205 p .  
This bu l letin summarized cu rrent knowledge 
( 1 9 1 6) of mine su bsidence in  l l l i n.o is ,  Pen nsylvan ia ,  and West Virg in ia ,  as well as in  other states and  
abroad . 
Keyword (s) :  vertical d isplacement, horizonta l  
d isplacement, surface structu ral damage,  
subsurface structura l damage,  surface water, 
subsurface water, mine desig n ,  backf i l l i ng ,  law, 
l iteratu re search,  coa l m in ing ,  h istorical 
Location (s ) :  I l l inois, I l l inois Coal Bas in ,  
Pennsylvan ia,  West Virg in ia ,  Appa lach ian Coal  
Reg ion,  Un ited States, Eu rope, Un ited Kingdom, 
I ndia 
Young,  L .  E ;  I nfl uence of Rate of Advance and of 
Time Factor i n  Support of Active Workin gs in 
Bitu minous Coa l Mines .  Transactions,  A I M E, v.  
1 30, 1 938 ,  p .  270-283; a lso A I M E  Tech n ica l  Paper 
no. 933 . 
Keyword (s ) :  coal m in ing ,  roof support, t ime 
factor, active mines, b itu minous 
Location (s) : Un ited States 
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Young ,  S .  G .  Su rface Effects of Underground 
M in in g .  Min ing Congress Jou rna l ,  v .  64,  1 978 ,  p .  
37-3 9 .  
Keyword (s) : surface su bsidence damage 
Yu, Z. ,  Y. P.  Chugh ,  G .  Chen, G. Hunt .  
Determin ation of  Floor Deformations Underneath 
and Arou nd a Pi l l a r  Based on P late Load ing Test and 
Theoretica l  Ana lyses . I N :  Proceed ings 4th 
Conference on G round Control for M idwestern U .S .  
Coal M ines,  Mt. Vernon,  I L, November 2-4, 1 992 ,  
Y. P .  Chugh  and G .  Beasley, eds . ,  Southern I l l ino is 
U n ivers ity, Carbondale,  p .  1 49- 1 65 . 
A method for determin ing  the floor deformation 
u nderneath and around a p i l l a r  su bjected to vertical  
loads is presented in th is paper.  The method is 
based on resu lts of a plate load ing  test conducted 
in the f ie ld and theoretica l ana lyses . P late load ing  
tests h ave been used extensively in  the  I l l i nois Coal 
Basin for determ in ing the u lt imate bear ing capacity 
( UBC) of the weak floor. 
Keyword (s) : f loor stabi l ity, in  s itu testing ,  
model i ng ,  f in ite element, ground control ,  room-and­
p i l l a r, active mines 
Location (s) : I l l i nois, I l l i nois Coa l Bas in ,  Un ited 
States 
Yu , Z . ,  Y.  P. C h u g h ,  G .  Yang .  Determination of 
Plate S ize Effect on Ult imate Bear ing Capacity of 
Weak Floor in Undergrou nd  Coa l M ines Using a 
Bou ndary Integral Approach . I N :  Proceedings,  1 2th 
Internationa l  Conference on G round Contro l in 
M in i ng ,  S .S .  Pen g ,  ed . ,  West Virg i n ia Un iversity, 
Morgantown , 1 993 . 
An equation was developed to characterize the 
relationsh ip  between u ltimate bear ing capacity 
( UBC} and p late s ize us ing a boundary integral 
approach . The equ ation was va l idated by the 
resu lts from more than 70 p late loading tests of 
d ifferent s izes conducted in  various underg round 
coa l m ines th rou ghout the I l l i nois Basi n .  The  
equation ind icates that the  U BC decreases as the 
p late s ize i ncreases . 
Keyword (s) : coal m in ing ,  in situ testing ,  floor 
stab i l ity, i nstru mentation ,  mon itoring equ ipment 
Location (s) : I l l i no is,  I l l i nois Coal Basi n ,  Un ited 
States 
Yu , Z . ,  Y. P. Chugh ,  P. E. Mi l ler, G .  Yang .  A Study 
of G round Behavior in  Longwa l l  M in ing  Through 
Fie ld I n stru mentation . I N :  Proceedings,  34th U . S .  
Sympos ium o n  Rock Mech an ics, 1 99 3 .  
Because they impact face and mine stabi l ity, 
su rface and subsurface deformations as wel l as 
stresses and displacements in the vicin ity of the 
longwa l l  face shou ld be considered i n  longwa l l  
ground control . However, in  the  past, most studies 
emphasized either surface deformations or in -mine 
stabi l i ty studies . I n  th is  research ,  both surface 
deformations and in-mine stabi l ity stud ies were 
conducted . The objectives were to study ( 1 )  sub­
sidence characteristics, inc lud ing t ime effects; 
(2 )  stress and deformation changes in cha in p i l lars 
as a fun ction of time and face location; (3 )  roof, 
p i l lar, and floor deformations in  entries as a function 
of t ime and face location; and (4) relationsh ips 
between the su rface su bsidence and u n derground  
strata behavior. 
Keyword (s } :  longwa l l ,  monitorin g  methods, 
instru mentation , active mines, coa l m in i ng ,  
mon itor ing equ ipment, vertica l d isp lacement, 
h orizontal d isplacement, geotech n ical 
Location (s) :  I l l i nois, I l l ino is Coal Basin ,  Un ited 
States 
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Yu l u n ,  Z . ,  C .  S h u ,  S .  G uanghan,  W. Ge .  I denti­
fication of the Model and Parameters of Min ing  
S u bsidence and The i r  Practica l Use . IN :  G round 
Movements and  Structures, Proceedings 4th 
I nternationa l  Conference, Un iversity of Wa les 
Col lege of Card if,f Ju ly 8- 1 1 ,  1 99 1 ,  J . D . Geddes, 
ed . ,  Pentech Press, London,  1 992,  p. 266-2 7 9 .  
Th is paper ana lyzes t h e  problems which exist in  
p redictin g  su bsiden ce resu ltin g  from u n derg roun d  
m in i ng  and  d iscusses the concepts whereby models 
and parameters may be identified for the prediction 
of m inin g  subsidence . Based on system theory, the 
rock mass model h as been considered as a complex 
system that conta ins  various forms of fai l u re, such 
as fau lts, fractu res, and bed separations .  From this,  
a n ew theory about model and parameter identifi­
cation of m in i ng  su bsidence has been establ ished . 
The theory and  method have been va l idated us ing 
actua l  exam ples from the Zao-Zhuang coal d istrict. 
Keyword (s) :  pred iction ,  model ing ,  geologic 
features, overbu rden,  coal m in ing  
Location (s) : Ch ina  
Zaburu nov, S .  A .  Contro l l ing Subsidence with 
Stowin g :  A Case H istory . Reprinted from Coal 
Min ing ,  September, 1 986,  3 p .  
Th is article deta i ls the steps taken to prevent 
further subsidence damage to a school in Pennsyl­
van ia .  An abandoned coal mine 70 feet below the 
school 1 s  fou ndation was deterioratin g .  Plans were 
drawn up and carried out to backfi l l  the m ine  by 
us ing pneu matic stowin g .  
Keyword (s} : pneumatic backfi l l i ng ,  stowing ,  
surface structura l damage, abandoned m ines ,  coal 
min ing 
Location (s) : Pen nsylvan ia ,  Appalach ian Coal  
Region,  Un ited States 
Zachar, F. Some Effects of Sewickley Seam 
Min ing on Later Pittsburgh  Seam Min ing .  M in i ng  
Eng ineering ,  v .  4 ,  no .  7 ,  1 952 ,  p .  687-692 .  
Unmined blocks i n  the Sewickley seam 
surrounded by worked out areas h ad been fou n d  to 
transmit overbu rden loads th rough the interva l 
strata to the Pittsburgh  seam 90 feet below . 
Keyword (s) : mu ltip le-seam extraction ,  
overburden 
Location {s) : Pen nsylvan ia ,  Appalach ian Coal 
Reg ion,  Un ited States 
Zachar, F. Factors I nfl uencing the Selection of 
Min ing  Systems . Min ing  Congress Journa l ,  v. 55 ,  
no .  1 0, October, 1 969,  p .  32-44. 
This paper evaluates the factors affectin g  the 
mine layout, min ing equ ipment, and economics of 
the m ining systems used in  the Un ited States at the 
time . 
Keyword (s} : m ine design 
Location {s} : Un ited States 
Zachar, F. Shortwal l : A Way to Boost Production .  
Coal M in ing  and Processing ,  v .  9 ,  n o .  1 2 , 
December, 1 972,  p .  3 9 .  
The auth or presents a d iscussion o f  reasons for 
reduced coal production with conventiona l  room­
and-pi l lar  min i n g .  He states that venti lation ,  d ust 
control ,  and roof control requ i red by safety legis la­
t ion has lead to lower production levels . Th is article 
presents a report of the shortwal l  concept and pro­
posed methods of us ing it to increase production .  
Keyword (s} :  law, mine safety, shortwal l ,  roof 
support, coal m in ing  
Zaman,  M.  M. ,  J .  L. Ahern , Y. M. Najjar .  Stab i l ity 
Ana lys is and Characterization of G round Su bsidence 
of Abandoned Lead-Zinc M ines in Northeastern 
Oklahoma . I N :  Rock Mechan ics as a G u ide for 
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Effic ient Uti l ization of Natural Resou rces, 
Proceedings 30th U .S . Symposiu m ,  1 989 ,  A .W.  
Kha ir, ed . ,  Ba lkema, Rotterdam,  p .  707-7 1 4. 
Th is  paper presents the resu lts of a study 
i nvolvin g  characterization of grou nd subsidence of 
abandoned lead-z inc  mines in northeastern 
O klahoma . Two coord inated efforts were under­
taken : { 1 )  col lection and ana lysis of avai lab le data 
such as dri l lers 1 logs, geologic cross sections,  
structu re contour  maps, and stratigraph ic  sections, 
and (2) development of a n umerical {fin ite element) 
techn ique  for prediction of col lapse in  mine sub­
s idence . An in -depth ana lysis of a major col lapse in 
the reg ion was conducted . The factors contributing 
to th is col lapse were identified . 
Keyword (s) : meta l m in ing ,  abandoned m ines,  
geologic features, prediction ,  f in ite element, 
model i ng ,  subsurface water 
Location (s) : Ok lahoma, Kansas, Missou ri ,  
Un ited States 
Zenc,  M .  Comparison of Ba l s 1  and Knothe 1 s  
Methods of Calcu lati ng  S u rface Movements D u e  to 
Underg round M in i ng .  I nternationa l  Journal  of Rock 
Mechan ics and M in ing  Sciences & Geomechan ics 
Abstracts, v .  6, 1 969,  p .  1 5 9- 1 90.  
The theoretical ana lysis of Ba ls 1 and Knothe ' s  
methods is d iscussed . Prel im inary calcu lation i s  
made o f  su rface movements accord ing to both 
methods compared with the resu lts of measurement 
i n  the Ostrava-Karvina  Coal Basin . 
Keyword (s) : vertical d isplacement, h orizontal 
d isplacement, pred iction theories, prediction,  
empirical  mode l ,  profi le function , i nf luence function 
Location (s ) :  Czechoslovakia 
Zeng ,  R. H . ,  S. S. Peng .  Pred iction of Subsidence 
Basin by the Weibu l l  Distribution Function . I N :  
Proceedings,  2nd Workshop o n  Su rface S ubsidence 
due  to Underground Min ing ,  Morgantown, WV, 
J u ne 9- 1 1 ,  1 986,  S . S .  Peng ,  ed . ,  West Virg in ia 
Un ivers ity, p .  78-90.  
Many subsidence researchers in the Un ited 
States h ave developed new empir ical function 
methods to pred ict subsidence, or they have 
attempted to val idate some empi rical fu nctions 
developed by fore ign researchers for use in  the 
Un ited States . An attempt is made in th is paper to 
develop a n ew empirical  function to predict a 
su rface su bsidence basin due  to longwal l  m in i ng .  
Keyword {s) : pred iction theories, computer, 
longwal l ,  coa l m in ing  
Location (s) : West Virg in ia ,  Appa lachian Coal 
Region , Un ited States 
Zhang,  H .  C .  Problem of S u bsidence Caused by 
Coal Cutting Under the Floodbank .  I N :  Proceedings 
6th Internationa l  Congress I nternationa l  Association 
of Eng ineerin_g Geology, Amsterdam, August 6- 1 0, 
1 990, v .  4, Ba lkema, Rotterdam,  p. 2699-2707 . 
Coal extraction under subsidence-sensitive s ites 
is becoming more common . The case of m in i ng  
u nder the  flood prevention emban kments of 
Weishan Lake is considered . Predictions of 
subsidence us ing the fol lowing methods are 
i l l ustrated : cut and tria l ,  structural mechan ics,  and 
geomechan ics.  Resu lts, together with those from 
engineering comparison and probabi l istic integra l  
methods, are compared to observed ground move­
ments . The geomechan ics method g ives promis ing 
resu lts . Recommendations are made for  m in i ng  
practices to  min im ise danger for sensitive sites . 
Keyword (s) : prediction ,  coa l m in ing ,  su rface 
water, surface subsidence damage, eng ineer ing 
Zhong ,  W .  L. , W .  M.  Ma,  S . S .  Pen g .  Prediction of 
Su rface Subsidence by Probabi l ity Function 
I ntegration Method . I N :  Proceedings,  2nd Workshop 
on Surface Subsidence due to Underground  M in ing ,  
Morgantown , WV, June  9- 1 1 ,  1 986,  S . S .  Peng ,  
ed . ,  West Virg in ia  Univers ity, p .  1 04- 1 2 1 . 
The probabi l ity function integration method is  
one of the infl uence fu nction methods . I t  is  widely 
accepted in  many min ing districts i n  Ch ina  and  
Poland because its theory and  formu las can  wel l  
represent the surface su bsidence basins caused by 
longwa l l  m in ing  of flat or near-flat seams .  Th is 
paper introduces the basic theory of the probab i l ity 
fun ction integration method and determines its four 
basic parameters by analyz ing  the measu red 
subsidence profi les in e ight longwal l  panels in the 
Northern Appalachian coal fie ld . I t  a lso discusses 
the two methods for determin ing  the fou r  parame­
ters . F ina l ly the acqu ired parameters are used to 
predict the subsidence and deformation of the 
houses for damage assessment. Comparisons are 
made between the measured and  the predicted 
su bsidence . 
Keyword (s) : pred iction theories, prediction,  
influence function ,  empirical  mode l ,  surface 
structura l damage, longwa l l ,  coa l  m in ing  
Location {s) : Ch ina ,  Poland,  Appalach ian Coal 
Region,  Un ited States 
Zhou,  X . ,  S .  Zhang . Stab i l ity Eva luation of 
Alternative Designs of Drift-and-F i l l  Stoping i n  
Zh aoyu an Gold Mine, P .R .  China . IN :  Rock 
Mechan ics as a G u ide to Efficient Uti l i zation of 
Natural Resou rces, Proceedings 30th U .S . 
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Sympos ium,  1 98 9 ,  A .W.  Khair, ed . ,  Ba lkema, 
Rotterdam,  p .  285-292 . 
M in i ng  economics is such that being  too 
conservative in safety wi l l  resu lt in a considerable 
pena lty in  m in ing  cost . I n it ia l  p lan n ing and design of 
a m in i ng  project often must be done, however, 
without complete information . The assu rance of 
economical  and safe m in ing  is  thus  d ifficu lt .  This 
study focu ses on the improvement of the mine 
design associated with Zhaoyuan Gold Mine in  
Ch ina .  Attention i s  g iven to the selection of  backfi l l  
structu res .  A design ,  wh ich is based on a proposed 
practica l  f in ite element model and thought to be not 
on ly rel iab le but  a lso cost effective, is recom­
mended for fu rther m in ing  operations .  
Keyword (s) : metal min ing,  mine design ,  fin ite 
e lement, mode l ing ,  economics 
Location (s ) : Ch ina  
Zhou,  Y. , C .  Haycocks . Geologic and Spatia l  
Factors in  M u lti-Seam Min ing .  I N :  Proceedings 4th 
Ann ua l  Workshop,  Generic M ineral Tech nology 
Center M ine  Systems Design and G round Control ,  
Moscow, I D, October 2 1 -2 6, 1 986, Virgin ia 
Polytech n ic I nstitute and State University, 
Blacksburg,  p .  1 1 5- 1 2 6 .  
Considerable experience has been ga ined 
regard i ng  interactions between room-and-pi l lar  
operations when min ing over a previously m ined 
u n derly ing  sea m .  To amel iorate u pper seam con­
ditions,  design g u idel ines h ave been proposed based 
on model and statistica l  ana lysis of field studies for 
p redictin g  u pper seam stabi l ity . Although these 
m ethods are u sefu l  for pred icting when potentia l  
h azards may occu r in  the u pper seam,  the precise 
location and magn itude of problem areas cannot as 
yet be determined . Stud ies relating  u pper seam 
damage to strata su bsidence have demonstrated 
considerable variation . This variab i l ity is attributable 
to the structu ral condit ions and their spatial loca­
tions associated with mu lti-seam operations,  the 
effects of wh ich are not yet clearly def ined .  
Keyword (s) : mu ltip le-seam extraction ,  room­
and-p i l lar, m ine  design ,  geologic featu res, 
overbu rden ,  roof stabi l ity, model ing,  fin ite element, 
p i l l a r  stren gth , computer 
Location (s) : Appa lach ian Coa l Region ,  United 
States 
Zhou,  Y. , C. Haycocks . Fa i lure Mechan isms 
Ultra-Close Seam Min i ng .  I N :  Rock � ri ,,..c:: ,:::'li:::·;� 
G u ide to Effic ient Uti l ization of Natura l  Re:s61Jr�:.e$}'" 
Proceedings 30th U . S .  Symposiu m, 1 9��; ;,.L\; \(V'�;·;L} · .·. 
Kha ir, ed . ,  Balkema, Rotterdam, p .  6 1  
Virtua l ly every coa l seam in Appa lach ia  wi l l  at 
some time be subject to mu lti-seam interaction . 
Many such problems resu lt from seams that l i e  i n  
close proxim ity o r  have sp l it and l i e  with in  30 feet 
vertica l ly of one another.  Existi ng tec h n iques for 
mu lti-seam design have concentrated on cond itions  
where the entire in nerburden is not the fa i l i ng  
member and are unsu itable for u ltra-close m u lti­
seam design . Structu ral integrity of the in nerburden 
must be mainta ined if two su perimposed seams a re 
to be mined separately . Understand ing  poss ib le  
fa i l u re mechan isms of the i nnerburden is  an  
essentia l  fi rst step in the design process . 
Keyword (s) : coa l m in ing ,  mu ltiple-seam 
extraction,  mine design ,  p i l lar  strength , model i ng ,  
room-and-pi l lar  
Location (s ) :  Appalach ian Coal Reg ion,  Un ited 
States 
Zhou,  Y. , C. Haycocks . P i l lar  Stabi l ity in U ltra-Close 
Seam Min ing .  I N :  Rock Mechan ics Contribut ions 
and Cha l lenges, Proceedings of the 3 1 st U . S . Rock 
Mechan ics Symposium,  Golden , CO, June 1 8-20, 
1 990, W .A .  Hustru l id and G .A .  Joh nson , eds . ,  
Ba l kema, Rotterdam, p .  1 37- 1 44 .  
Sooner o r  later virtu a l ly every seam in  the 
Appalach ian coa l  reg ion wi l l  experience ground  
control problems due to  mu lti-seam interaction . 
M in ing  of u ltra-close seams that l ie with i n  2 5  feet 
vertical ly of each other, such as where seams h ave 
spl it, g ives rise to many of these problems .  Previous 
mu lti-seam research offers solut ions to some of the 
problems of u ltra-close m in ing  us ing mechan isms 
involving  load transfer, arch ing ,  su bsidence, and 
innerbu rden fa i l u re .  However, field observations 
show that u ltra-close workin gs separated by less 
than 25 feet frequently involve u n ique  fa i l u re 
mechan isms of the innerburden that can affect the 
structu ra l behavior of both u pper and lower seam 
pi l lars .  
Keyword (s) : mu ltip le-seam extraction ,  p i l lar  
strength , geologic featu res, coa l  min ing,  yield ing  
supports, room�and-pi l lar  
Location (s) : Appalach ian Coal  Reg ion ,  Un ited 
States 
Zhou ,  Y. , C. Haycocks, E. Topuz ,  M .  Ki!rfak is .  
Contro l l ing Subsidence Effects Using Partia l  
Backfi l l i n g .  IN :  Proceedings 9th I nternationa l  
Conference on Ground Contro l in  M in ing ,  J u ne 4-6, 
1 990, S . S .  Peng,  ed . ,  West Virg in ia Un iversity, 
Morgantown,  p. 1 93- 1 98 .  
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Part ia l  backfi l l i ng  can be used to reduce and 
control su rface subsidence damage caused by 
longwa l l  m in ing  or p i l lari ng  operations in room-and­
p i l l a r  m ines .  The use of partia l  backfi l l  as opposed 
to tota l backfi l l  m in im izes the cost associated with 
such efforts . 
Keyword (s) : longwal l ,  room-and-pi l la r, p i l l ar  
extraction ,  coa l  min ing,  g routi ng ,  pneu matic 
backfi l l i ng ,  hydra u l ic  backfi l l i ng  
Location (s) : Un ited States 
Zhou ,  Y. S ite Characterization for U ltra-Close Mu lti­
Seam M in i ng .  I N :  Proceedings 1 0th I nternationa l  
Conference on G round Control in Min ing,  June  
1 0- 1 2 , 1 99 1 ,  S .S .  Peng ,  ed . ,  West Virg in ia 
U n ivers ity, Morgantown , p .  1 6 1 - 1 66 .  
Data from these field stud ies a n d  previous case 
study data h ave been combined to define  u ltra­
close seam min ing  environments and relate them to 
observed fa i l u re conditions .  A rat ing system for 
u ltra-close m u lti-seam design has been developed 
and field stud ies have verified the appl icabi l ity of 
the design criteria accord ing to geologic structu res, 
l ithology, and spatial data . 
Keyword (s) : mu ltip le-seam extraction ,  coal 
m in i ng ,  active m ines,  geologic features 
Zh u ,  D . ,  M .  Qian . A Computer S imu lation of 
Breakage of the Main  Roof in Longwal l  M in ing . I N :  
Proceed ings 7th I nternationa l  Conference on 
G round  Control in  M in ing ,  August 3-5, 1 988 ,  S .S .  
Peng ,  ed . ,  Morgantown, WV, p .  205-2 1 1 .  
A computer s imu lation method, based on the 
resu lts of f ie ld observation and physical model 
ana lyses, has been developed for s imu lating the 
breakage of the main roof . By th is method, various 
parameters of  rock property, d ifferent bou ndary 
conditions of the working  face, as well as the 
i n itiation,  development, and resu lts of the breaking 
process of the main roof with d ifferent geometric 
d imensions can be effectively s imu lated . S ince the 
main and immediate roofs and the coal seams are 
treated as an integrated mechan ical system,  the 
interaction among them can be studied in  deta i l .  
Keyword (s ) :  model ing ,  computer, roof stabi l ity, 
rock mechan ics, longwal l ,  coal m in ing  
Location (s) : Ch ina  
Zh u ,  D . ,  S .  S .  Pen g .  A Study of  Displacement Field 
of Main Roof in Longwal l  M in ing and its 
Appl ication . I N :  Rock Mechan ics as a G u ide for 
Efficient Uti l i zation of Natural Resou rces, 
Proceedings 30th U . S .  Sympos ium,  1 989 ,  A .W.  
Kh a i r, ed . ,  Ba lkema,  Rotterdam,  p .  1 49- 1 5 6 .  
A computer  s i m u l at ion meth od , based on the  
resu lts of  i n  s i tu  observations  and  phys ica l  mode l  
a n a lysis,  h a s  been  deve loped to  pred ict the  
behav ior  of  m a i n  roof b reakage i n  l o n gwa l l  m i n i n g  
b y  cons id er i ng  i t  a s  a Ki rch off p late on  a Win k ler  
e la st ic fou n d at ion . Th is m ethod is  used to i n ves­
tigate the i n it iat ion a n d  d evelopment of the b rea k i n g  
p rocess o f  the m a i n  roof a n d  its d isp lacement fie l d  
before a n d  after its breakage .  I n  th is pa per,  t h e  
s i m u l at ion m eth od is  i ntro d u ced,  c h a ra cteristics of 
the d isp la cement field of the m a i n  roof a re d is­
c u ssed,  and mon itor i n g  variat ion of the d isp l ace­
ment field of the m a i n  roof in a C h i n ese l o n gw a l l  
face is  demonstrated . 
Keyword (s } : l ongwa l l ,  mode l i n g ,  compute r, 
pred i ction , roof stab i l ity, coa l  m i n i n g  
Location (s ) :  C h i n a  
Zorychta ,  H . ,  D .  W .  MacFadde n ,  F .  S m ith . Strata 
Contro l Measu rements in the Syd n ey Coa lfi e l d .  
Tran sa ctions,  Can a d i a n  I n stitute o f  M i n i n g  a n d  
Meta l l u rgy, v .  7 0 ,  1 9 67,  p .  3 8 -4 8 . 
Keyword (s ) : coa l  m i n i n g ,  grou n d  contro l ,  
i n stru m entation  
Location (s ) : Austra l i a  
Zwa rten dyk, J .  Economic  Aspects o f  S u rface 
S u bs idence Res u lt ing  from Underg ro u n d  M i n era l  
Exp lo itation . Ph . D .  Thes is ,  The Pen n sylva n i a  State 
Un ivers ity,  State Col lege,  1 9 7 1 ,  4 1 1 p .  
Th e author  presents a n  exten s ive h istor ica l  
su rvey of  theor ies,  remed ies ,  and l aws con cern i n g  
su rface su bs idence . T h e  stu dy is  s u bd iv ided based 
u pon pre-WW I ,  post-WW I ,  and post-WW I I  
con d iti on s .  I t  i n c l u des a h istor ica l  s u rvey of the 
development of hyd ra u l i c  and p n e u m at ic stowi n g .  
Also i n c l u ded i s  a n  exten s ive b i b l iogra p h y .  
Keyword (s ) : econ o m i cs,  h istor ic a l ,  hyd ra u l i c  
backfi l l i n g ,  pneu m at ic backfi l l i n g ,  l iteratu re searc h ,  
l aw, pred ict ion th eor ies 
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Zwa rte n dyk, J .  Economic  Aspects of S u rface 
S u bs idence Res u lt ing from Unde rg ro u n d  M in era l 
Exp l o itation . U . S .  Bu rea u of M i n es O F R  7-72,  
1 9 7 1 ,  4 1 2 p .  ( NT I S  P B  207 5 1 2 ) 
Th is report cons ists of a n  exten sive h istor ica l 
s u rvey a n d  b i b l iography of theor ies,  remedies,  a n d  
l aws con cern i n g  s u rface su bs idence . 
Keywo rd (s ) :  econo m i cs ,  su rface s u bs idence 
d am age,  h istorica l ,  hydra u l ic backfi l l i n g ,  p n e u m atic 
b a ckfi l l i n g ,  law, l iteratu re searc h  
Loc at ion (s ) :  U n ited States 
Zyc h , J. Th e Asymmetry of M ovements Prod u ced 
at the G ro u n d  S u rface by the M i n i n g  of a Hor izonta l  
S ea m .  I N :  G ro u n d  M ovem ents a n d  Stru ctu res, 
Procee d i n g s  4th I nternati o n a l  Conference,  
U n i ve rs ity of Wa les Co l lege of C a rd iff, J u ly 8- 1 1 ,  
1 9 9 1 ,  J . D .  G ed d es ,  e d . ,  Pentech Press, Lon d o n ,  
1 9 9 2 ,  p .  2 43-254.  
Deta i l ed i n vestigations  carr ied out i n  s i tu  and  on  
mode ls  p rove that  geometr ic- integra l  th eor ies a re 
c h a ra cter ized by system atic d iscrepa n c ies b etween 
th e theoretic a l  va l u es of the deformation i n d ices 
a n d  the resu lts of geodet ic measu rements.  I n  
p ra ct ice,  i t  i s  o n ly poss ib le  to a c h ieve a l i m ited 
d e g re e  of accu racy u s i n g  these theor ies,  a n d  the 
accu racy c a n n ot be i n c reased fu rther .  For th is 
reason ,  th e stud ies con d u cted by the a uthor  h ave 
h a d  a s  an a i m  th e e l i m i n at ion of th ese system atic 
d iverg e n ces a n d, a s  a resu lt, 'a n i n crease i n  th e 
accu racy of esti m ates of the effects of m i n i n g  
extra ct ion o n  th e g ro u n d  s u rface . 
Keywo rd (s ) :  mode l i n g ,  pred ictio n ,  h or izonta l  
d i sp lacement, vert ica l d i sp l acement 
Locat ion (s ) :  Po l a n d  
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